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ABSTRACT 


A self-contained, rapid, Computer Aided Design (CAD) 
program for a desk top computer (1.e. HP 9845) was developed 
for a first cut approximation for the design of a super- 
cavitating propeller blade. This program eliminated the 
error-prone, tedious interpolation of empirical data graphs 
by providing approximations and curve fitting techniques to 
augment existing formulae. The complex Goldstein function 
and the inexact Prandtl approximation were replaced by a 
more simple function, the Wilson factor, that maintained 


the confidence level of the manual calculations. 
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I. INTRODUCTION 


The screw propeller was first developed by an Englishman, 
Meoke, in the l/7th century, but received little use until 
nearly two centuries later. In the late 1800's, while the 
British steamer TURBINIA was being designed, it was first 
observed that the propeller could operate in a cavitating 
mode wherein at least a portion of the propeller operated in 
eee air cavity’. This air cavity was not air but a result 
of critical pressure conditions in the vicinity of the 
propeller blades [1]. 

Inasmuch as propeller cavitation usually results in 
marked increases in required rotational speed, propeller 
slip, and erosion of the blade surfaces, as well as decreases 
in the power efficiency, cavitation was to be avoided, if at 
all possible. One precaution was to insure that the tips 
of the blades were always well submerged to as not to have 
an air interface. If partially submerged then ventilation 
may result yielding similar effects as cavitation. 

It was not until the mid-twentieth century, while search- 
ing for drive systems for racing boats, that it was discovered 
that by operating in extreme cavitation regions, high water- 
craft velocities could be obtained with but minimal deleteri- 
Ous effects. In fact, not only could the propeller be 
Operated in a cavitating mode fully submerged, but it could 


aiso be operated with a portion of the blades out of the 


ale 





water partially submerged. As a result, these systems are 
referred to as either fully submerged or partially submerged 
propellers. With either propeller the effect is essentially 
the same although the loads may differ. 

Whereas the design techniques for conventional propellers 
had become well established [1], few techniques were available 
for the supercavitating blades or foils. In general, the 
sSubcavitating design procedures were used as an approximation, 
but this left much to be desired. In the mid-1950's, Tulin 
[1] proposed two-dimensional lift-drag characteristics for 
these designs, and at the same time Morgan and Tachmindji 
Seeeted Circulation, or lifting line, theory. The latter 
techniques were based on the works of Prandtl, Hemhold, Gold- 
stein and Lerb, utilizing hydrodynamic principles. Now, 
fey chitty years Later, these approaches are still used in 
the design of supercavitating propellers [1]. 

The most rigorous of these techniques Poebeime se il2 | Lnauc— 
tion factor method, while the use of the Goldstein function, 
though less precise, compares quite favorably to Lerb's method. 
Any of the methods used in the design of supercavitating 


propellers have been labor intensive [2]. 


eee oe LAL E-OF-THE-ART 

The formal design methods for high speed naval ship pro- 
pellers were established by Morgan and Tachmindji of the 
David W. Taylor Naval Ship Research and Development Center 


(NSRDC) [6], using the Goldstein function to correct for 
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El@eercavitacing Operations. The major problem in these tech- 
niques was attributed to blade cavity effects, and a correction 
in the form of an accountability factor is used to offset this 
effect. This correction is based on an approximate cavity 
thickness in the lifting surface calculations. 

Another approach in the design method is that taken by 
feemenautics, Inc., {1l] that utilizes lifting-line theory and 
the Goldstein function together with a camber correction fac- 
tor and two-dimensional foil analysis about a free surface. 

A comparison of the two approaches by Tulin indicates 
an overestimation of efficiency and thrust by the NSRDC method 
{1]. Both methods rely heavily on the use of empirical data 
and require frequent interpolation and extrapolation of data. 
Most of the more recent research in this field has been con- 
feed between 1955 and 1975, and the confidence level in the 
selection of a supercavitating propeller without full-scale 


testing has been unfavorable. 


B. FUNDAMENTALS OF CAVITATION 

The phenomena of cavitation is the formation of bubbles 
about a foil or blade. This can be explained by the Bernoulli 
equation, assuming inviscid compressible behavior, where the 
sum of the static pressure, p, and the dynamic pressure, 


ov, 1s a constant. 


P+>+oV Soe Comscanit oe. 
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where: 


p = static pressure on the foil downstream side, 
V = velocity of the flow, 

0 = density, 
an total pressure (total head). 


By relating the constant total pressure of the ambient 
conditions (subscript 0) to the constant total pressure at 


any point, assuming constant density, 


IL Z 
0V— (2) 


'O 
+ 
No] 
OD 
<t 
II 
= 
+ 
~~ 


By combining the dynamic pressure terms, it can be 


observed that the pressure at any point may be expressed as, 


Dp SaaP 4 + Ap (3) 
If p = 0, so that Pao -Ap, the fluid changes state and 
Cavitation results. In reality, the static pressure does not 


completely reach zero, but will decrease to the vapor pressure 


eeecne fluid, Pi When the static pressure reaches this 


value, 

P = PP, = Po + AP (4) 
the fluid ‘tears' or boils. This is cavitation! See Figure 
il 


eS 








Mmicune I, Picture of a Propeller Blade Tip 
Cavitating (NSRDC) 
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A measure of eye set Omeavitacrlomn, Called the cavi- 
tation index or the cavitation number, is determined by 
dividing the pressure change, Ap, by the dynamic head of 
the flow. | 

When the bubble formation that commences at the leading 
edge extends beyond the trailing edge, so that a plume appears 


to form downstream, the foil is said to be supercavitating. 


C. SUPERCAVITATING PROPELLERS 

A propeller designed for optimum non-cavitating or sub- 
Cavitating operation cannot perform efficiently in a cavitating 
environment, andif it is desired to have a propeller system 
that can utilize the high speed advantages of the supercavi- 
tating propeller, a special design of the foils must be 
accomplished that will deliver thrust efficiently in a quasi- 
gaseous environment. When it is not operating in a supercavi- 
tating environment, there is no real advantage to this type 
of propeller system, as shown in Figure 2. 

One can visualize a supercavitating propeller as somewhat 
a hybrid operating between the marine and the air environment, 
and it has somewhat the appearance of a stubby propeller of 
an aircraft rather than looking like a conventional marine 
screw. 

Current design techniques, as outlined in Chapter II, 
call for extracting values from empirical curves to use in 
the calculations. It is the purpose of this project to semi- 


automate this process, as outlined by references 1, 2, and 3. 


ey 
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frerice 2.) Praccicability Of Supercavitating Propellers, 
Showing Model Numbers of NSRDC-Tested Model 


Propellers [1] 
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ion Lemurs LGN METHODOLOGY 


The criteria for use of the supercavitating propeller 
is essentially the relationships between the speed of 
advance, Wins the rotational velocity, RPM, and the cavita- 
meen number, o. 

As in any design problem, the first requirement is the 
establishment of the design operating point for which param- 
eters are assumed, known or desired. Such a point may be a 
speed condition, such as cruise, hump, maximum or patrol 
velocity, or it may be a power condition. There are several 
basic parameters that are unusually well Known or can be 
readily assumed. These include the velocity of the craft, 
resistance (drag), power available, speed of advance (or 
Wake Peaem tnaruse (or thrust deduction factor), number of 
blades and submergence. 

As a first-cut approximation for the required diameter 
of the propeller, the Burtner equation is used [l], 


ae mt (5) 


D = [50 x (HP)°** RPM 
The thrust is non-dimensionalized by the use of a coeffi- 


etenc Of thrust, Che 


gk 
‘es So = (6) 
Jb 1 2 
ZO VL, AS 


Ine, 





Were ; 


te seeninictk. (ips) 

o = density (slugs/ft?) 

D = propeller diameter (ft) 
V = speed of advance (Knots) 
5 = submergence 

A = disk area (£7) 


The speed of advance is also non-dimensionalized to an 


mavyance Coefficient, J, 
ae Ono 4. x V_/ (RPM x D) (7) 


where 101.34 is the conversion factor in terms of ft. and sec. 
The above factors are shown in pound-force, pound-mass, 
and feet units, but the entire calculations can also be 
accomplished in metric units, if desired. 
Once Cr and J are determined, the expected efficiency is 
obtained from empirical data, usually plotted as J versus 
ace, - 
Kramer Thrust Coefficient Curves, with inputs of their Advance 


The radial distribution of pitch is determined from 


Ratio, A, and the Ideal Thrust Coefficient, C ue where 


Jt 
A = Vi/(N x Dx T) (8) 
and , 
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na 1.07 C,, (3) 


C) 
ie 


It is to be noted that only approximate values are used 


inasmuch as the exact value of Cre ASe, 


Cny = Cp/(L-2€A,) (10) 


where: 


Guag eo irk. rat ro 


) 
ij 


ideal advance ratio. 


wy 
HT 


Peecnis point, solutions can be made for the radial pitch, 
“> x Tr a): and the hydrodynamic pitch angle, Bs. 

Once the hydrodynamic pitch angle, 2G 1s established, 
the ideal delivered thrust coefficient, Cri, May be deter- 
mined by using the more rigorous induction factors and 
numerical integration (Simpson's Rule), or by using the 
Pemastein function, «, [5] 

Zale 


SF Pr oe a 
aa 


where: 


Ip Fe othieo bil cgenkeygl 


u 


x axial velocity. 


The delivered ideal thrust coefficient, C 1s compared 


1uB hed 


to the required value of C and if the delivered value is 


Tae? 
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less than the required value, the hydrodynamic pitch angle, 
Bay is corrected and the problem iterated until the delivered 


value of C 1s equal to the required value. If the iteration 


Stat 
process becomes too cumbersome or too lengthy, interpolation 
may be used to validate the new value of Bs: 

At this point the designer can compute the geometric 


properties of the blade, first by computing the value of 


C,(2/D) where, 


_ IL z 
Cl = L/(>9 V A) (2) 
g = blade width 
tee Lice 


and then by determining the blade width at seventy percent 


of the blade span, 


Ce (27) x D 
Q me L O57 (13) 


Oe Cy 


where: 


Cy = coefficient of lift fora finite foil. 


Reference 2 states that the optimum value for Cy nee) DPR IES 


and that value is used in these computations. 
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A recommended distribution of section chord as a function 
of the chord size at the seventy percent span [2], is shown 


in Table I. 


TABLE I 


RADIAL DISTRIBUTION OF CHORD 


0.400 Osi 
O47 5 17 0'8 6 
0.550 2073 
0.625 1.046 
O00 ye (Oe 
ON TIES: 015903 
0.850 Ole or 
029.25 OF 565 
Pe OO 0.000 


At each radial station, the blade shape may then be 


determined, as shown in Figure 3. 





Figure 3. Blade Dimension Sketch 


a3 





From the hydrodynamics of lifting surfaces and empirical 


data, the maximum dimension, YE) ear eS L. |e 


SOE) ee =" Oo5 53 Cy - 0.00462 a 
where the angle of attack, a, is a function of the lift 
Beetficient. 

The height-to-chord ratio is then corrected by using 


camber correction factors, Ky and k are functions of the 


Dad 


expanded area ratio, EAR, which is the ratio of the expanded 


blade area, Any to the disk area, Ags 


a eae ee if = dx (14) 


The EAR is similar to the BAR blade developed area ratio with 
the difference being that the EAR is with respect to radial 
@astribution. 


The corrected thickness factor, (y/2) Oo, ny 
(y/2) . = Kk, ky (y/2) oy ee) 

The thickness of the blade section, t, is determined from, 
t/&€X = F'C. + N'a (16) 


where F' and N' are as shown in Table II [1]. 
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TABLE II 


THICKNESS COEFFICIENTS [1] 


d/k gS eee N' 
0.0000 0.0000 0.00000 0.000000 
Ori00 75 0.01888 =O Ons 2.6 0.001254 
Oe 0125 0.03244 SOO S74 Oe OO Les 7.0 
oF.0 5 Oma i39 =O). 0186 GAG 0.005704 
OO ON aa) IES (0) 0) 0 Se) 70 0.010074 
ia 20 0.56636 =—O§907 3940 O01 7sa9 
Or 30 0.78458 = 020957600 O, 022222 
0.40 Ore 7 =O more 7 0.024647 
or 50 1.00000 -~0.071780 O0Zo7 20 
0.60 0.98340 Uns Olog 70 Ui 025655 

7 Pome 7 .005940 3025005 
yoU 512)(2) Oars: SWS e tests 0. .024660 
70 -03886 eZ O90 .023047 
See, 4 AU os 218, 5 LE ZA .022048 
500 -00000 . 166950 SOOge7 


The final step in determining the geometric parameters 
is the determination of the corrected pitch-to-diameter 
moo, P/D, using aS inputs friction, cavitation and lifting 
surface theory. The friction is considerably small and may 
usually be neglected, and the pitch-diameter ratio may be 


given as, 


mo = xx x (1 + (A(P/D) /(P/D)) x tan(s ; => (0! 


BD 





where: 


it (A(P/D))/(P/D) = (tan(B. +0, +4 5)9 7)/tan(8, +4) 4 
(is) 
a, = St Pes: K , (0.0849 x C, 1 OO bo2 < @) (in degrees) 
a, = a + (B.-8) x (2/(1 + cos*B,(£-1)) -1) 
2 b 1 a gl 


Meese t neo Dltcn Correction factor, and Oty is the vortex 
correction factor (may be neglected due to its magnitude). 

K is a function of the cavitation index at the seventy 
percent station, Ty .7! which is in turn, 


e} = Ds 6) aA (3° + 4,84) (19) 


where: 


H is the absolute pressure at the shaft centerline 


minus the cavity pressure, measured in feet of water. 


With the above information in hand, the designer can 
verify the shape of the blade by determination of the pro- 


peller efficiency and the delivered power. 


mee DESIGN ITERATIONS 
In the previously discussed steps, it was assumed that 
Ti! waS approximately seven 


percent higher than the thrust coefficient, Equation (9). 


Bae ideal thrust coefficient, C 
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Once the initial design phase has been concluded, the drag 
to lift ratio, ¢, can be determined and a more precise value 
of ideal thrust coefficient may be calculated. This may 
be used for additional iterations until a final value of 
thrust coefficient and power coefficient have been obtained. 
The ratio of thrust coefficient to the power coefficient 
determines the efficiency of the propeller. 

A check of the adsorbed horsepower is made to see if the 
design meets the requirements of power available. 


SHP Cx p x DY x V2 x $/(550 * 8) (20) 


(absorbed) 
Bee OLRENGTH OF THE BLADES 
The final design step is the determination of the bending 


and torsional moments of the blades. 





Figure 4. Bending and Torsional Moments 


From the geometry of Figures 4 and 5 and from structural 


considerations, 


aa 





Myo a Mob cos 35 + Mop Sin 8 (2S 





M0 as Mob Sin Bs = Mob cos Bs eZ 2) 
1 ol Game 
5. yal 3 I. _ = eas 
a ea ee <8 a” eee (x-x,) (1-e tan 8,)~y— dx 
0 
529) 
1 3. 2 i 
Mop = Be On ER Oe { (tan 8) (x-xq) 
Be 
0 
dCn i 
x(I+e/tan 8.) dx (24) 


where x is the dimensionless station being analyzed. 


It is to be noted from Figures 4 and 5, that Moo and 


M0 are approximate inasmuch as the precise expression is 
a function of > rather than Sa The difference between 6 
and 8 1s Ons where Oe = ay 
degrees. Except for heavily loaded blades, the use of oe 


+ Aes Weehma Value OF TaDOUt) 2. 


instead of 6 is valid, since with heavy loads the angle of 
attack criticality increases. 

The described design techniques have used thrust as a 
base. It 1s possible to use, instead, power as the base, 


ee. , cs vice Cre 
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Figure 5. Definition Sketch 
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Pie cOMPULER TALDED DESTGN 


pee 6=LNTRODUCTION 

The basis of a Computer Aided Design (CAD) program is 
to make available to the designer the information that he 
needs for at least a first iteration. To be efficient, the 
CAD should have the following characteristics: 

1. Be self-contained. 

The entire program with all subroutines should be 
stored in a single data source, e.g., a computer disc, so 
that additional programs need not be loaded once the design 
process has commenced. 

2. ‘Be self-querying. 

The variable inputs should be inserted in response to 

a computer question statement. 
3. Be labor non-intensive. 

Fixed parameters should be included in the program 
and not be required to be entered each time the program is 
exercised. 

4, Be logical. 

The computer program should follow a logical pro- 
gression that is similar to the steps in a manual calcula- 
tion, unless mathematical considerations dictate otherwise. 

5. Be Segmented. 

The program should contain logical breakpoints to 

facilitate future editing, including changes, deletions and/ 


or insertions. 
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B. APPROXIMATIONS 

The use of empirical data requires extensive curve 
fitting, interpolation and extrapolation. Frequently approxi- 
mations may be made to the data that significantly reduces 
the calculation time. Such approximations are useful and 
valid only if they provide a high confidence level in the 
results. The following section details several of these 
approximations, together with numerical examples as a proof 
ee GContidence. 

An expression of the optimum speed of advance, J opsiad 


was developed as, 


Oe) 


eee (Ge x T= 0.56396 + 0.71765 x In(J.)) 
a ee ee eee ee 
opt (a = 0), HSE/a 
where: 
- 0.5 
J, = 1.206/(C,°°/d + 0.63225) 


This approximation provides a confidence level of 983%. 
The expected efficiency is extracted from the predicted 
performance charts extrapolated from 40 knots to 80 knots, 
for blades between ten and fourteen feet in diameter. This 
extraction was performed by Lagrangian curve fitting. To 
demonstrate the accuracy of these approximations, five runs 
were made at different values of RPM with the following 


@encaitions: 


ene 





V = 80 kts R = 120,000 lbs 


3 


SHP = 45,000 Hp w = t = 0O Sue oer Slug itt 


Submergence = 0.5 


The results of these runs are shown in Table III where 
the subscript ‘'h' refers to manual calculations and the 


subscript ‘c’ refers to computer calculations. All calcula-~ 


tions have been generated by this author. 


TABLE III 


SPEED OF ADVANCE/DIAMETER (MANUAL VS COMPUTER) 


RUN RPM J, cle opt, “opt. on fhe opt, Popt. 
iI eOO) 91.69 1.69 1.45 L246 0.70 0.70 ILS SSIs Toso l 
2 B0Ome f.35 591.35 1.35 i236 On67 0.70 201 doe 
3 Boom L.12 1.13 1.26 IEA As: ORi6>. 0265 OS 11056 
1 pope 8.96 0.97 1.20 lava ORCS 0.02 Diss D7 
5 800 0.84 0.84 1.04 HRS Ie 0.60 0.59 9.74 8.82 


The determination of the uncorrected radial distribution 
of the blade's characteristics as well as the determination 
of the ideal thrust coefficient requires a knowledge of the 
values were extracted 


ideal efficiency. In the manual mode, 


from the curves of Kramer's Thrust coefficient. Once again, 
curve fitting techniques were employed. Because of the 


a2 





shape of the empirical curves, the numerical approximation 
required five partitions. 
The manual and computer values for the ideal efficiency 


are shown in Table IV for five runs at different values of 


nN; and Cra horez = 6. 
TABLE IV 
IDEAL EFFICIENCY (MANUAL VS COMPUTER) 
poe : al Ta ae 
ii Oe 560 0.0930 0.941 0.948 
2 0.400 0.1260 0.930 0.949 
3 0.400 0.1605 G hal yaa O7925 
4 024010 OFl954 0.905 0.901 
5 0.400 O'y2304 O87 5 0.878 


The camber correction coefficients, Ky and Kos must also 


be approximated, and are based on the ratio of expanded blade 


area to disk area, AL/Ag: Table V shows a comparison of 


the values obtained from an empirical graph, subscript 'g' 


to the computer solution values, sucscript ‘ec 

The graph used for this approximation, [1], has a maximum 
value of 1.2 for the ratio of the expanded blade area to disk 
area, AL/Ag > Even with an extension of this value to nearly 
1.6, the computed values of Ky and K5 appear to be well 


within reason. 
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TABLE V 


CAMBER CORRECTION COEFFICIENTS (MANUAL VS COMPUTER) 


Ap/A Rig Ric Rog Roc 
1.54 Z 206 . 2a 
75 0.3 IL 6 (OK Zan LO Zl 
Or 7 2 ie OS 06 PaO, 2209 
O) GS. rob 0 © he Ae G7 
Oe 25 TES 10) 10:0 l.05 ctO7 


* 
Point off empirical graph 


Two additional curve fit solutions deal with the cavitation 
index and the lifting surface correction angles (Oy and a5). 
As indicated in Equation (16), the correction angles are a 
function of Sigma and h. To indicate the degree of fit of the 
computer generated data for these approximations, Figures 6 
and 7 show the computer plots with manually extracted data 
points from reference 6 superimposed. 

The boldest modification in the development of this 
Computed Aided Design program was the complete removal of the 
Goldstein function and the induction factors from the calcu- 
lations. This modification is required in order to simplify 
the design process. The Prandtl solution for irrotational 
motion of a screw surface in an inviscid, incompressible, 


continuous fluid lends itself to a simplified means of 


34 





4.9 
4.6 
Ke 
A.7 
4.6 
AS 
0.40 02.02 4.04 4.46 4.28 4.14 
om 
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Figure 7. Lifting Surface Corrections (Manual 
vs Computer) [1] 
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determining the circulation and the lift coefficient. This 


approximate solution is, 


2 
Zo aN - Z u =| = 
rns F = 5, (5) cos e C26.) 
aia Lt+u 
where: 
er ee 
0 0 
u = Nx/V. 
Uy = SVE 


However, according to Goldstein [5], 

The accuracy of the (Prandtl) approximation increases 
with the number of blades and the ratio of the tip speed 
to the velocity of advance, but for given values of these 
numbers, we have found no means of estimating the error, 
Since the exact solution has not been found. 

Since Goldstein's’ work in 1929, NSRDC [2] has developed 
a more precise solution utilizing induction factors. 

In the development of this program it was found that the 
direct use of the Prandtl approximation [5] as a substitute 
for the more complex Goldstein function produced excessive 
@rrors when compared to empirical results. It was therefore 
decided to use a modified solution which did not contain the 
term ie / 1. + nu“). This modified term, which is called the 
Wilson factor, Wf, provided a conservative solution with much 
less mathematical manipulation than was required if the 


Goldstein function of Lerb's induction factor method were 


used. The Wilson factor is defined as, 


Bie) 





wf = (z/2n) x cos + 


ea 7t 


Table VI shows a comparison of the Wilson factor, Wf, 


and the Goldstein function, kx, at several radial stations. 
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WILSON FACTOR VS GOLDSTEIN FUNCTION 
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PROGRAM DESCRIPTION 


is Segment A 


The first segment of the program, 


Table VI 


WE 


1.209 
Lue 
Paro l 


eon 


0.946 


0.841 


K/WE 


Om? 
Oe erat 
Or 96 


oI 


lines 10 through 


630, 1s the input segment where the desired parameters are 


inserted in response to queries by the computer. 


inputs, by line number, are shown in Table VII. 


ay 


These 





PAB bry Le 


COMPUTER PROGRAM INPUTS 


Line Input (units) 

10 Ship maximum velocity (kts) 

220 Ship maximum resistance (lbs) 

250 Maximum available horsepower 

280 Wake fraction (use zero if V = 60 kts) 
510 Tizust, deductiom factor 

340 Number of blades 

i 0 Fraction of submergence of propeller 
400 Assumed RPM 

430 Fresh or salt water operation 

450 Water temperature (Rankine) 

540 Preliminary propeller diameter decision 
610 Preliminary propeller diameter (ft) 
630 Fluid density (slugs/ft”) 

ee cegment B 


The second segment of the program, lines 640 through 
930, computes and prints the basic parameters for the ensuing 
Calculations. The printout, in the computer symbology, 
includes the thrust load coefficient, Ct, from existing 
formulae; the advance coefficient, J; the optimum advance 
coefficient, Jl; from numerical approximations; the optimum 
propeller diameter, Dl; the expected efficiency, E, also from 


numerical approximations; and the Shaft Horsepower, P. 
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3% segment C 


Because of the complexity and non-linearity of the 
empirical Kramer Thrust Coefficient curves, an extensive 
curve fitting process is required to cover the entire range. 
This is accomplished in a multi-step process from lines 940 
through 3170. Lines 940 through 1370 are used to approxi- 
Mate the advance ratio, L, in order to enter the Kramer curves, 
and lines 1380 through 3170 determine the adjusted value, 
Ln, from the curves. 

4. Segment D 
Once the adjusted value Ln has been obtained, the 


ideal values of the parameters L., GC and E. are determined 


eal 
in lines 3180 through 3300. All values, except E. are from 
existing equations. 

These values are then used in the first iteration for 


the ideal thrust coefficient, C in lines 3310 through 4460. 


tae 


This segment is concluded with a printout of the 


delivered ideal thrust coefficient, C and the required 


tide’ 


meeal thrust coefficient, C for comparison purposes. Also 


(cal 
printed at this point are the values of the tangent of the 
advance angle, tan B, the values of the Wilson factor, Wf, 
emenwec2rculation, G, and the distribution of the coefficient 
of lift times the chord-diameter ratio. All calculations, 


with the exception of the Wilson factor, are from existing 


equations. 


Sg 





5. ceoment EF 
Lines 4050 through 4460, by the use of Simpson's 


Rule, calculate a first iteration of the ideal thrust coeffi- 
e2ent, Chial’ and a final iteration of the blade hydrodynamic 


delivered ideal thrust coefficient, C as well as the 


i iad 


required Ci: 


6. Segment F 


A second iteration of the ideal thrust coefficient is 
accomplished in lines 4470 through 5020 in order to verify 
the blade's hydrodynamic pitch angle. This is necessary 
inasmuch as the previous calculations were based on the 
Original values of the ideal thrust coefficient vice the 
iterated values. The iteration continues until the delivered 
value is within 98% of the required value. All calculations 
are based on existing equations. 

7. segment G 

Although the solution may be in hand by this point, 
it is of interest to recompute lambda based on the new param 
eter values and then to use this value as an alternate method 
in the design process. This 1S available in lines 5040 
through 5390, but is currently by-passed in the program. 

8. Segment H 

The value of C, (2/D) 1s recalculated and Lo is 
printed out in lines 5400 through 5430 with the aid of a 
subroutine, and the shape of the blade is determined in lines 
Seme0 through 5550, in addition to a first cut approximation 


of the EAR via existing formulae. 
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Ze oeoment 1 


The geometry of the foil, i1.e., cross-sectional shape 
and all of the dimensions at each predetermined radial sta- 
tion, are calculated in lines 5560 through 6300. For each 
station there is a printout that specifies blade element 
thickness, height of curvature from the x-axis and blade 
width. 

10. Segment J 

The blade pitch is corrected for cavitation, friction 
and the lifting surface effects in lines 6310 through 6570. 
The printouts for this segment are similar to, but are of 
corrected values of, the data in the preceding segment, 
with the final pitch diameter ratio being determined. 

min segment K 

The segment from lines 6600 through 6850 determines 
the predicted propeller efficiency and manifests that the 
power demanded by the propeller does satisfy the available 
or required power. 

ie. cseqment L 

The bending and torsional moments along an arbitrary 
radial station are determined in the segment from lines 6860 
through 7230 for various predetermined stations. 

i. oegment M 

The remainder of the program, through line 8450, is 

devoted to subroutines that perform the repetitive calcula- 


tions required by the various segments and data. 


4l 


IV. CONCLUSIONS AND RECOMMENDATIONS 


me =63XCONCLUSIONS 

This program iS an approximate method for aiding in the 
design of supercavitating propeller blades. The numerical 
approximations complemented by the conversion factors and 
other constants result in a design that is about 90% accurate 
in the final sense as compared with information from reference 
1. Inasmuch as this method uses essentially the same formulae 
and empirical curves as the 'manual' method, one could not 
hope for much better accuracy. 

The principal advantage to this CAD program is that it 
reduces the conceptual design phase to minutes. It also pro- 
vides a straightforward approach to the problem that can be: 
(a) easily followed, and (b) modified to fit the specific 
needs of the designer. The use of proven, computerized 
equations is much faster than table-look-ups and picking 
points off a graph. In addition, the repeatability of output 
is greatly enhanced. 

The program will definitively demonstrate what combination 
of fundamental parameters will not yield a satisfactory design, 
@.g., negative coefficient of lift for a desired forward 
motion. This information provides the designer with great 
imei lity. 

Tf the program does produce unsatisfactory solutions, the 


designer may vary the basic parameters. From the fluid 
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dynamics viewpoint the best parameter to change is RPM, 
inasmuch as RPM plays a major role in the design of propellers, 
and by adjusting the assumed RPM the resulting output is 
changed. 

This program 1S equipped with an alternative design tech- 
nique so that when the final tangent, Bay at x = 0.7 is veri- 
fied, a new ideal advance ratio may be calculated. MThis 
alternative iS not a portion of the basic program but has 
been included for use if desired at a later time. 

A comparison with a manually calculated theoretical design, 
as shown in Tables III, IV and V, demonstrates that this 
program is feasible and equally as accurate. However, the 
only definitive means of determining the validity of this 
program is to make a comparison with an experimental design. 

This program can be used for all sSupercavitating propeller 
blades in an extremely wide range of speeds, submergences, 


thrusts and efficiencies. 


B. RECOMMENDATIONS 

A graphics routine would enhance the program and might 
even upgrade this program to a Computer Aided Engineering 
(CAE) and/or Computer Aided Manufacturing (CAM) status. 

At present five and seven-bladed propellers are excluded 
in this program, since it was too difficult to read the ad- 
vance ratio off the Kramer Thrust Curve. This could be 
Changed in the future. 

The effect of the change of advance ratio on the final 


output has not been examined. The effect of this alternative 
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should be challenged in the future. In addition, the intro- 


Meueceion Of induction factors would be well worth the effort. 
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APPENDIX A 


HP-9845 COMPUTER PROGRAM 


3e3u6 U0 


unNoUy 


watgtsads Buimoyptoy aur SuULWUSISP OF St wmeuboud siya yo a 


fo CuoLaBuP(dxa weuGoud aac) uorsey UdLIINpap rer a4 43335, dSIQ 


MinSI NMOTLOYAYS 3NYUM BHL.» LNING 
M LNdhy 


m HS4UR, Jdsid 
S-dIHS., LHING 
d 1nNdtt! 

fn °dHS FLQELLEGE wnuwixen AGU, dtind 

IHY6nS] SOMVISISSY IWLOL S-dIHSn LINING 

IW LNAI 

ny "paads wnwixew ae sasurasisau (e304 SAYS weaug, 4s tg 
AfaS] G33dS RWW S-dIHS. LNG 

A Indl 

4 "SIOUH UL Kryrsxs0lan wn ixew e¢,dtus ywarug, gsidq 

B82T HAHL wthl»=F2 dl 

BIFS ANSON HAHL whweFd AI 

#3 LNdHI 

weCN YO AD ONTLSIA ASOTOAMAS YW 3HIT OA GInem. 4s 

@ SI YAINIAd 
HOnvT LIYUM 


oe LHIAd 
e LNHaAD Eurssaud AQ Pama, [os diys OY JO SILAS LUsyuPuePUd 


94% ARIUS aTEa(A wal ladoud Paeursep ayy nots anth 04 JV2NU0 UT, LHI 
ve oe LHITad 

wSUGLIEGS [PIPeu re auawow Gutpusq aperg, puysyd 

uYOL ING saslp Seauysiyy Pues wsqueds ploy, LHI 

| vHOLINGII4SIp Yorid pur ysaid speiq, IMIAd 

nCSUOLIE IS LPIPEY SHILPA AE SuSolsusmip Puoysy adeus apeig, IN Tad 


"S39 B89 Jl QuaZz uwarUug "paads wnwtxew ae uorwoeuy aye 
dinSI dHS JTAINTIMAYN XH 


eCHdd PHUNSEE UE YO UIlLasUMNy F Sey wHSesweiy, INTY4 
wets [sdoud Burreqineauadns E 4O 


if 


adund ty, JHE 


O fi as thiiad 


99SN “'17 SHOSTIM °& OMUN AD ABLY3ND SISBHL NOISS0 4¥31ISd0ONd Wad 


uy 


BOC 
062 
QE 2 
pve 
a2e 
G22 
AS2 
AS 
ee 
Sana 
B) | as 
AD 
Re T 
HST 
AZT 
AAT 
act 
Sam | 
Sm | 
BT 
Ott 


GOT 
Q6 
G3 
2 
a3 
G5 
OP 

SUOl 
BE 
2 
GT 


46 





Q INdNI 618 

uo 393H UL YWaISUR IP wat lLsdoud paysadxa aur ywariug, gSId ena 

O29 OL1ND 86S 

in Aare Ore MoOZeueRl(y,, LHINAG sg 

O° VNZEovdsOGaed ALS 

GAS HAIHL wHeet¥ SI O8s 

GO2G HSHL wAuv=tH SI SS 

: $H INdMHT ats 

2ndCH YO A> war_aueip vattadoud duruiwitaud e paau nod at, astm. ineec 

S9Wd LHIAd ASS 

@% SI SYSLHISNd alts 

wFAS7EV ASN IMEN ELH CANNY A 

LISOSSIA o AU9L5,ST 3YNLYMSdHSL YBLUM GBHNASSY BHL. LNIMA ane 
& d32I4d Ger 

#42, YOS 3JNH SHOTLYINIWI. LHISd ase 

CAUALXZLTELZZEZIO'~DAXILE “AGSFS2ZSSece?  2=MeH WSHL «NS.=49 JI Get 
COUZLEPDTZZIZIO*~) dM I#¥E-FALZESELTABLESG aamay HSHL wulsdu etd sl ep 

dw2) INdWI ase 

fa “CS+O9F) BULNURY UL aunaeuaduar usizem PSWN=ESP aYr 4YSIUR, FJSId Att 

#q LINdHI Ab 

1HGCMS WO MY SUOLIBLNDIE® waIEM ALES UO uaIEN USF44¥ Bultap nod oy, dSId Arb 
HivSl WdY GA3WNSSH. LHINS Ott 

HH JNdDHI Qo 

cw MOaLLadoud 214 gO Wdy pswnsse 3u4 42 3US, sot voles 

SituSI L3YND B3HL 30 G31334x3 SJINAISSWANS JO NOILOHNS NGO LHSD43d SHL. LHING ase 
S INdtlI aie 

§ -apom uBis 

2p 34% Ut 4% 3Q 6% St watptadoud eup awebusunqgns go uorrzseuy ayy A3%4U9, dsl asst 
iST Y3V13d0Nd HO S3ITUIT JO M3AUON. LHIad of%8 

2 INdNI @FFS 

»°€B YO 9 Sp fE $2) wat ladoud ayr uo sapeiq Jyo usqunu aus 4waaug, JSId GES 
PLivSI YOLIUS HOLLINGSA LSNYHL BHL» LNINd GZE 


Pl INdHI 


47 





CEES EXPADSO9ISNHONOHW 
C6SS°T#EAD YAP #O9/7H= NO} 
sre ae 
CS#Ev C683 THREAD ZC EYS TDS eer, pany 
CTUFSHAZT AO LEAXEE® neces 
Tdi, tt wappadoud wnutado stur $04 JHS FUL, LHING 
CHS5S#39 76893 °T#F Ae LET 
3°,5t Aduarargys seabete ks aut, LAINE 
Evid PO9TOO°-2vIMSSssZIGO + 1M el hsseb -29GCal F=+9 
QS53 O109 
EvIM*eGaGoalpQoa*-FvV IMS Ib LeEsegg +1 ebiGeazo°*-Se4gg sy 
GFE HAHL OS=<EAN JI 
(ae Tae L Vazaneip uaptladoud wrmtado auy, LHIYd 
CTLFAMD “PAX ES CTOTH=10 
Toi, St WWaLatyysad asuenpe wrrado aut, LHINd 
I LM3H 
CULZGSLZT SZ “+ C7EAD) SCC ULI IO TES92142 °4+96596 °-rer7S12)-Ifste 
9 OL T=I yOd 
CS2ZE9 °4+£ 77519) 763E072 °1=1f¢ 
Cin= £ S1UaLIteyaod SodueApPe aug, INIA 
CH4H ZO Aero teat=ar 
$2495, Sl Watrdtyysod PEoO[-rasNM4U4s a4 $O 4004 Aa@uEMbE aus, IN Tad 
G*v3d=5749 
JDQiys BUFIDIGYIDD PEOL-asM4yya SUL, LHIad 
9 SI Y3SLNIAd 
f G3x%I4d 
CS#¥Ev CBOSS" THEPAD EC EY 2 V0) FTA ¥E/9N YL =29 
CPLl-T)734=1 
CHT #ASFA 


MOM LAdHI 
ru (QO°Z IGF Yar1BM ALES yoy) Artsuap pinty ay. wsarug, asia 


O26 
H16 


2 @ 
IH 4 
Ov 


Ow no vy) & 


( 


29 900 0 
me of OV wT LA Pt 
o 


~— 2 
WM FD 


48 


eA°=7 HSHL (CO°=<7) TNH ¢CSf@°>1) 
FO°= 1 NSHL (SEM*=<7) ANH ¢SFO°D> 1D 
SQ@°=7 HAHL (StO*=<1>) GHH (SSO°> 1D. 
99°=17 HAHL (SSO°=<7) GQHH (S320°>1D 
é9°=7 NHAHL (S90°=<1) THY ¢S20°>1D 
eO°=) NSHL (S20°=<7) GHH ¢CG80°>7) 
6EG°=1 HAHL (SEa°=<4) GHY ¢(SGém*> 1) 
OT°=) HAHL (SkO°=<1> THY CAT*=>7) 
See TONS <a aE eG 2 =a) 

¢ =1 HSHL ¢CST°<1) GQHY ¢€62°97) 
S6°=7 HAHL (SZ°=2<1) GHH ¢CE°>1D 
c= WS ce =< > WHeeCee cag 
OF°=T1 HAHL CS0°=<¢1) GHYH CSF *O 1 
S° =) HSH (St =<) Any <Sgs*oWD 
9°=) HSH! (€S5°=<1) GAHY ¢€639°>7D 
B2°=1 HAHL (S9°=<1) ANY ¢S2Z°> WD 
S°= 1) HBHL (€S2°=<7) CHW ¢S68°>7) 

6G =9 MaHL ¢Se =<) Me (S66 ">a 
T=) HSHL €S6°=<7)9 GH ¢S°T>7) 
S°T=7 HAHL ¢S°T=<1) GQNH ¢2>7) 

2=1 WAHL ¢€2=<1) GHY ¢€S°S>1>D 

S*¢c=1 HBHL (S'°?=(1) INH (E57) 

f=] HAHL C£=<1) GNH ¢G°f=>7) 
PMI CSe ec Ie <Gere> |) 

O° Sse Wahl <S <0) WHY ¢ce"G=> 7) 
$27 HSHL €S°S<1) GHH ¢€$°3=>7) 

O° ¢2=7 WSaHL ¢€S°9<7) GH «S"2=57> 
C= stant 2¢S 260) aie CS 7e=5 415 
6°6=1 NSHL (S°8<¢1) ONY ¢€S°6§=>7) 


OT=1 HAHL G°6<K7 
CC CONOWNs INOW- TD ¥G VC EVONOM 4+ 17-9 dK) SOME CI de Z) 722050 


AT 
a 
at 


SH)h 


a 
dI 
a1 
4d] 
at 
an 
a 
dT] 
41 
| 
cf 
at 
4d] 
41 
a 
ee 
a 
dT 
a 
a) 
1) | 
at 
4d] 
4] 
a 
51)! 


Sra | 
AE CT 
QtctT 
BUT 
AEgTT 
ASTT 
G2Ty 
BHATT 
BSTT 
QriT 
Gott 
ASTI 
QITT 
ist ff 
RBEOT 
RSOT 
B20) 
Gant 
ASat 
Gry 
GHEBT 
BeoOT 
BTAT 
Gi T 


mm 
aa 
Jy 


Orinwnr 
ts a 


< 
oO 


Ooo D D 


49 





a 
Doss toa) a) oS mo 


yw 


C2105" 
coo° 
ram S15 


Sti0g 

SoTag° 
OTTeS° 
SzeTta@a°’ 


SGQ°= 
20 * 
ZARB * 
SA = 
609 °= 
B18 


a 


1 


YY {-. ey | 


1 
-~ 


om rfp INS 


S06 


mp Ob meme OD 


209 mM 2 HD 


See 


S44) HAHL Ct=2) ANY 
S47 HSHL C€=2> HY 
=“) HAHL ¢S=2) Hy 
BETaO* =U] HBHL (2=7) 
=") HSHL « 

HS“) HSHL ¢ 
=) HAHKL ape 
SUT HBHL Ce 


=<UT HBHL CHE) GHYH CRAM HTD 
=“) HSHL C&=Z2) WH cae t=7) 
ae HSHL (822) GHW CEAG*=7) 
=U MSHL (9=2) WHY cean'=7) 
=“) HAHL ChH=2> THY CEA’ =7) 
SUD HSHL CF 


=U] HBHL ¢CS=Z2) thy 
M°suyq 


=o) WHE Comg*=7) 


eae =7)) 
"= 7) 
"=> 
"= )) 
"= 7) 
"= 7) 
2 MUN ei (Ce an = 7) 
2) WHY ¢z2nj°=7) 
> WHH CSTGG*=7) 
> WHY ¢SGTt@nu°=71) 

4127 HBHL ¢c=2 


¢ 
HSHL CP=2) WHY ¢ 
¢ 
¢ 


2 ae kN ey 
eo ic cccei 


om) 
ps 


POV Ser 
HT 


ii 


Ree a 


ye OF OL ©) OI 


ww 


— 
< 
“> 
a 


MAS La Say i Cs im => > 


= 
=7 


a 
"= 


HSHL 
HAHL 
HSHKL 
N3SHL 
Noe 
M3HL 


“=") HSOHIL 


HSHL CSTGAC< 1) OHH CSeaM* > TD 
HSHL CSE20G°=<7) GHH CeGm° oT) 
"= T HBHL CfG0°=< 1) THY CSEBG">7) 


StOe°=< 1) GHYH COStHG*> 1) 
CHSEAG*=<1) THY ¢SsaAA*> 7) 
CSSHA*=47) THY CASGeanG* >» 
CHSPGG9°=< 1) WHY ¢€G2HG°> 1) 
CG2mG°=f 1) THY CHOSten* os 
CVSSON*=<C 1) WHY (GAB DT) 

(SE0B°2<1) OHH COTB*=>7) 


StTO°=1 HSHL (6TO"<1) THY (STO°=>7) 


6@cB°=7) NSHL (STO°< 1) ANU ¢ 


Seo°o rw) 


S¢O°=1 HSHL (Ste°=<7) THY CEO*>D 


dI 
fe 
aI 
9 
41 
Ad] 
dI 
JI 
a1 
dI 
at 
1 
a] 
fo 
3] 
| 
S) 
a] 
i 
a 
a 
41 
d] 
4d] 
a] 
aI 
dI 
a 
a] 
a1 


Ti 


9 


(Ty em OY OF Pf 


qQoo 2gaqo70 02 © & 
Trwreetrw uw uu 
mt mt mt mt et wet wt wt 


UF “sh fT. os 
“ET 
~~ -~ 


Att I 
BET 
QSET 
ATT 
Hib J 
Ga6cT 
Biel 


4 I oe 
a 


FINS 
Gti 
Hrey 
5 km | 
QTeT 
HAE T 
Te T 
O32 7 
Bec 
BSc 
Sel 
Orc 


50 





21TH °='47 
OS2G0°="44 
G600°=Uq 
HSTTA*=Uq 
Sctqgr aq 
G6S00 ° =U 
QS53R0° =U] 
220 °='ay 
GTegn "=u 
S86 °="7 
C2G08 ° sty 
BSAA * ali 
Ge2dNQ*sUq 
Q@SFOG°=U4q 


GQ °=u7 
S8Sa0°=U4 
6S900°=u7 
S6£00%=Uq 
GErga’=uy 

Sag t=uy 
GESOO*=Uq 
SEEN = 
SdOoq*=uU4 
GEPOG*st4 
SEEN" 
G2z00 "=" 

COR "=U4 
SSEAQG*=uI 

POA =U 


T7AH*=U4 
SéG9°=U7 


NSHL 
NSHL 
NSHL 
HSHL 
HSHL 
HSHL 
NSHL 
HSAHL 
HSHL 
HSHL 
HSHL 
HSHL 
HSHL 
HSAHL 
HAHL 
HSAHL 
HAWS 
HSHL 
HSHL 
HSAHL 
NSHL 
HAHL 
feral 
HSHL 
HSHL 
HSHL 
HSHL 
HAHL 
HSHL 
NSHL 
NSHL 


~ Zs 
Ht 
~ 


ITF HOMO Tid 1 
I 


i et 


“oN LN SN OLR OS OS 


AN 
i 


(p19 - tO Oo Mm Tr OD o + ID a 
I 


A A a a a 


oc) Ii ao I cy Sa a PS De DB 


tl 
4 


ii 
Ni 
ww 


ij 


NRRARARAKRNARAN A 
Wot ow Won Wo ol 
RJR Ma NE Pd Ra Pa NA Sd Ra NOB 
i a i i aid 


anne 
| 
Vw 


NSN 
OO ~~ 
il 
aS | 
ww 


(G=2) 
C9=2) 


Hu 
OHH 
HH 
OHH 
OH 
hi 
Tihs 
THI 
HY 
Hy 
aHy 
HH 
OHH 
TH 
Gti 
HY 
HY 
Hy 
HH 
Gti 
Tttt4 
IHW 
HH 
HY 
QHY 
ti 
Ht 
tiv 
HH 
HY 
UHH 


COcQ°=17). 


CSTO°=1) 
CSTQ*= 1) 
CSTO@°=7) 
CSTQ*=17) 
(Bta’=1) 
CQla*’=T) 
CHTIA*= 1) 
CQtO°=1) 
C60N°= 1) 
C6003 °=7) 
C600 °= 7) 
C6£09°=1) 
C8oa°= 1) 
CSHN°= 17) 
C269 °=71) 
CBO ° = 7) 
C200"°= 1) 
(20B°=7) 
C200 °=7) 
C20B°=7) 
(9199 °= 7) 
(905 °=17) 
C2800 °=7) 
C909 °=71) 
CSW °=7) 
€$609°=1) 
€S0°=7) 
CSHB °= 7) 
CPO *=7) 
€PBG°=71) 


dI 
dI 
S|) 
41 
dl 
41 
=) 
= I 
=|)! 
4] 
a1 
at 
di] 
at 
d] 
S|)! 
di 
Jd] 
Ay] 
at 
at 
a 
Jd] 
al 
at 
4] 
4d] 
| 
al 
a4 
41 


=k 





GOH CHT 
TSO ° su] 
6689 °=U7) 

GS2@°*=sU) 

SOBPrB*=y 
GfQr=uy 

SISa*=tly 

GESg* sty 
FOO CSU] 
AEQ SUT 
CFA’ =uyq 
6EFG*=uq 
S2G*='47 
Teorey 
9EO°=Uuq 
TRAC SUT 
ECQ* = 7 
Grgr sy 

FQ%=SUq 

eR | 

O° =U) 

Rg] 

eo | 

7 — lh] 


a) 


DD 


fa 


uw) Md CO F- OF 


°OD © 


MN Np + ew OY) 


un) 
w~ 
-4t 


x(t} 
SStg°=uy 
BIG SU 
SGZG%sUq 
BZ1B*SUq 
E19°=Uq 
GtTp*=44 


NSH 
HSH 
HSHL 
HSHL 
N3HL 
NSHL 
HSH 
HSH 
HSHL 
HSH 
HSH 
HSHL 
HOWL 
HSH 
HSHL 
HSH 
HSH 
HSH 
HSHL 
HSHL 
HSH 
HSH 
HSHL 
HSH 
H3HL 
HSHL 
H3HL 
N3HL 
HSH 
HSH 
N3H1 


| 


o™ OI /  OIN/ 


20 TID) 0) Fr (Db wo 


woal 
ns ag 


tl 


MMM MN NM NBD MON NSD Ba Nd NON 
sult Ww 


en 


bad Ned 


van aon an Si mt ae at oo a 
Tiny OO -—F iD 

inom Wm ow 

a a a a an 


CO=Z2) 
(8=2) 
C4=2) 
Cf=2Z) 
C£=2) 
CS=2) 
C2=2) 
CP=Z2) 
CC=2? 


(8=") 
C9=c) 
CF=2) 

eee) 
CS=2) 
(9=2) 
CF=2) 


tit 
TH 
HY 
MWY 
Hy 
HH 
Thy 
HW 
HY 
Hy 
OHH 
GHY 
Hy 
OHH 
THY 
TH 
HW 
CH 
TH 
THY 
HY 
THY 
HH 
Oty 
Tt 
hi 
fINH 
Qt 
TH 
HY 
QW 


Cent=7) 
(80 °=7) 
CQA*=7) 
(89'=7) 
(29°=) 
(2A °=1) 
(20°27) 
C20 °=1) 
CaG%=7) 
(99 °=7) 
(99°=7) 
C9g°=7) 
(SA"=7) 
(S&*=7) 
(SA°=7) 
(SB°=7) 
CFa'=7) 
CPAt=7) 
CFO °=1) 
(FO0°=7) 
CEM°=1) 
C£9°=7) 
"=7) 
"=7) 
(SEA‘=7) 
(GzE0°=1) 
(SE0°=7) 
(SEQ°=7) 
(BZB°=1) 
(@ZG°=7) 
(8Z0°=7) 


eh 


De 
mM @ 'D 


AA 


4] 
41 
SI 
a] 
oI 
=) 
4] 
at 
| Il 
o})| 
4d] 
| 
a] 
=) 
ss}! 
=| 9h 
an) 
= 
a 
dl 
=) 
ee) 
| 
3] 
| 
Ad] 
Ad] 
a 
a] 
4d] 
41 


AQT? 
SSC 
BET? 
Enea iat 
Bete 
Hite? 
ANTE 
DES 


as 


re ee ee ee ee ee ee ee ee ee, ee ee eh) ee ee ee) 8) a | 


weoodo wo 


IAN Hy we OP OT oe UD olde BN 
me 


cn 


Oqqeooor.woo.D.o.aea0orooo7 of2 009 © 


co ~m Q) Go Us a GO T's iJ’ i a) ™% Oo ot i) mm 


Wh OM Day Oro Kh 


34 





t 


ee°suy] NSHL (922) 


Se r=U] NSHL Chec) 


MH ¢S°’=7) 
MWY ¢S°’= 1) 


en =4 Han (f=2) Ghy <S°=7) 
Fo°=") HSHL €8=2) HH (Are =1) 
Ses") NAHL €9=Z2) CHU CAF ’=71) 
Ce Naber me pls Cake °=— a) 
ef "=sU] NSHL (Cf£=2) GQHYH Ca@te=7) 
BST =") HAHL CS=2) WHY <cf°=7) 
S6t*=4") HSHL 982) THY ¢Cf&°=7) 
Sec°=U] HAHL CrHZ> GH CE°=7) 
Se =“ HSHL (€=2) WHY «E°=1) 
FP =“ Want (e=Z) THe <Sc°= 7) 
Sot°=s4U]) HAHL €9=2) GHH ¢S2°=7) 
OSt°=4“ HAHL Ch=Z2) THY ¢CSGz°=71) 
Bic’=4]7 HAHL C£€=2) AHH CSt°= 1) 


OZT*=47 HFHL (8=Z) GHY (Z°=7) 
BET *=47 HAHL (9=Z) ANY ¢2°=7) 
NSHL Ch=Z> OHH ¢Z'=1) 
S9t°S4 WAHL (=z) 


Gti t= 


299° su] 
S49 "=u 
STP suq 
GZTt=uy 
SSat=uy 
a ae 
=U] 
ee 
GISob°="4q 
859 °=u7 
SS git. 
é2y°s' 7 


nee) 
v2 = 


Un 


eae 


Nae 
NSHL 
NSHL 
NSHL 
HSHL 
HAHL 
HAHL 
HSAHL 
HOHL 
NSHL 
HSHL 
HSHL 


S=2) 
(9=2) 
Cha e4 
(£4?) 
€S$=2) 
(G=2) 
(b=Z) 
C£=2) 


4 
i 
fm 


{ 
fs 


H 


¢ 
« 


x 


4 


Whe ¢2°=7) 


AHH CST°=7) 


TH ¢St*=1) 
HH COot°=7> 
THE CSTtT*= 1) 
HY ¢AT*=1) 
THY Cat’ = 7) 
GHW ¢AT*=7) 
TH CAay*= 7) 
THY €69°=7) 
THY ¢68°=1) 
GHW ¢668°=1) 
THY €66°=17) 


at 
JI 
kB | 
4] 
4] 
4] 
a 
2) 
Sl 
ho | 
a 
4] 
tel 
a1 
a1 
| 
4] 
4] 
JI 
| 
=) 
fe a 
JI 
lal 
at 
a1 
4d] 
JI 
=|)! 
at 
JI 


O2bS 
HAS 
ASH? 
REE? 
5 Oe ord 
Qckre? 
GQtte 
HAS 
DAES 


(a med 
weal, 


R262 

H34CC 
Se? 

Bree 
oe 


— 


Se aA 


be Je bom 
“> ws 
rm 


t 
t 
ve 


OL OCH OE OLN CON Cd NC 


a) 
i) 


qo07 9290 90 9D: 
Dm SN -p Oto h& 


Ce AE Td OF Od Ce ON Od Cd Od 


& 


Se. 


a 





SS8°t=" NSHL Ch=Z)> THY (S°Z=7) 
SO°c=41 NAHL (£=Z) THY (G°Z= 7) 


CTS“) HAHL €3=2> QNH ¢Z=1) 
SE°TSU) HBHL C952) GQNH CS=7) 
SS°TS4) HSHL (F=f) GHH ¢Z=7) 

42 t=“R HERI Co=c peg <Z=)1) 

26°="") HAHL (8=Z) OHH ¢(S°T=1) 
SO°TE") HSHL €9=2) TINH (G°T= 1) 
é° TS) HSHL ch=Z) GHW <S°t=1> 
eee ale Ge — eee onc Seti] 


bo°=U7 HHL 
S649°="7 HSH 
82°=47 HSH 
Ge°=U7 HAH 
"= NSHI 
"=! HBHL 
697s" H3HL 
22°=47 H3HL 
G6P°=4 HBHL 
SSS°=U7 HSH 
9°="'7 HHL 
Ng's HSH 
Sh =U] NBHL cE 
Sb =U HSHL ¢ 
ES*=UT HBHL ¢ 
6S°=47 NBHL ¢ 
B2ZE°="7 NSHL- 
Ob °=U7 HAHL 
9b =U HSH 
=4 NBHL 

=4 N3HL 


é 
| 


- 0 ee 


af 
A 


C@=e) GHY CT=1) 
CJ=2) MH C¢CT=1) 
CF=2) GHY CT=1) 
Cf=e) TDHW CT=7) 


C@=2> OHH 
€9=¢) WHY 
CF=2" THY 
C€=e) GTHb 
Cf=2) WHY 
C9=¢) OHY 
a 2) dnhH 
=2) QHY 
= TH 
9227) GHH 
ft=2) QHH 
ae. Hy 
2? HH 
y=2) THY 
<>) (HY 
C€=2) WHY 
€S8=Z2) ONuy 


I @ 9 


€6°=7) 
C6 °= 7) 
€6°=7) 
(6 °= 7) 
CR°=7) 
CSe> > 
KE "= 7) 
CS "=? 
CN2°=7) 
(Bd °=1) 
C@2°= 7) 
CBZ °= 7) 
C9 °=7) 
Co el 
(9°=1) 
C9°=7) 
CG°=7) 


. 


SI 


JI 
41 
4d] 
dI 
jl 
4I 
J] 
al 
op! 
41 
dl 
AI 
a 
SI) 
at 
21) 
| 
dI 
dl 
fo |) 
ol 
5) | 
at 
4d] 
JI 
|| 
dI 
AI 
al): 
4] 


@® 
2 
f\- 


NUN OPCS ON NODE Cl ONO NN CY NN ON MN OC CNN D0 


Two 


fh. Pe. Pu i. ff. mR fe 


YDS ODVOOOO DNA qGoonso oe I In De 0O go 00 92D 
TWD em MND — am 


OD sa OF CO FT UID Rh CON ID mm Ce Oh 
bo ad ee ee 


54 





G 


GS°S=4]7 NAHL ¢CE=Z) 


i 


“MT HSHL (3 


6 
a 
8° 
S° 


"G=U) HSOHL 
"S=") HAHL 
*3=U"1 HSHL 
°9=U) HOHL 
=") HAHL ¢o= 


 - 
oo. 
e 


OFTMAN INN OW | 


S 
6° 
G° 


=u HSHL ¢€8=Z2) MHH 


=Z) QJ 


UT HSHL ¢f=2> ONH 
UT HSHL C£=2) OHH 


C@=2) 
C9=2) 
CPHL) 


(€=2) 


THY ¢«ATtT=1) 


C86 °6=71) 


HH ¢8°6=1) 


QHY 
tty 
HH 
Ot 


C9°E= 7) 
CO°6= 


a 
CB= 17) 
CS= 7) 
C8=1) 
CB= 7) 


2) WHY (€O°2=7) 


SIV HBHL (9=Z) GH ¢€h°2=1) 
=“) HSHL Cr=Z) GHB ¢(O°2=71) 


ae NBHL (f=2) ani (O°2=7) 


S°S=U7 HOHE 
St° r=“) HOHL 
2°F=U7] HSHL 
T°Ss4 HSHL 
"e=4) HASHL (8 
S°f=4) HAHL ¢9= 
6°€=4) HOHL <b 
e°F=4) HAHL CE 
9°c=U] HAHL 
8° c=U)] HAHL 
ST°of=“] HSHL 
P°e=4) HAOHL 
6°24) HAHL 
St°cs=47 HSHL 
b*c=U7 HSHL 
SS*2=47 NSHL 
25 ue “UT HHL ¢8 

“T=4] HSHL ¢9 


(S=7 

(G=2 

ves 
CfE=2) 
=e) til 
2» WY 
=Z2) 
Dy i 
CB=2) 
(a 

Cr 


t 


! 
J 


— 
=<) 


2) 


{ 
! 


‘—< 


“~ 
D0 % 
if 


I 
ww 


i 
NOM N NI hd Ff 


e~xN “XY “~~ 
rw we 4 


NIM C3 oF td 
I 


ee 


WHY <9= 7) 
QHY ¢9=7) 
WHH ¢9= 7) 
QNH ¢39= 7) 
HB Ca*s= 7) 
HH ¢B°S=7) 


HH CO°S=1) 
NH CO°S=7) 


NH C= 1) 
NY Cb=7) 
GH Cr=7) 
QHY ¢Cr=1) 
QNY Cf=7) 
QMHY Cf£= 1) 
QW C&W) 
(Nb C&=1) 
HY ¢S°?=1) 
HW ¢G° ea) 


dT 


S))! 
a 


ce 
at 


4d] 
dI 
3! 
6) 
el) 
Ad] 
a1 
41 
i 
ai 
m/! 
4] 
at 
4d] 
at 
ca | 
es 
dI 
at 
at 
Ad 
A] 
JI 
at 
at 
Sit 


AgAE 
Gene 
Q2HE 
BANS 
ASAL 
Othe 
SESE 
Bewe 
GTS 
BAS 
QE F, 
Ae 

8 

A 

gs 


I MODDM PPP HD HK — HH yp 


AN OO Cd Cy Cu Ce Cd Od OE Cd Ce ON OE NEA OD OF ON CU 


iy Uo 


0 03 O&O 'D 


Sooo eo a ve odonoood0a og ®& 
DOAN YH TWD me YM OD ee OY OO oF I ww fh 


fm 


5) 





wO7t 94 'C8dHd 
Sin Dn SCSIWdS Pu dMn SCIYdS Sut SOI SCO'SdHdSfalT NWlw $C9UdS SuXn $CbIHAS INIAd BOE 
B=PoudS ALLE 
Q=Z2NS Ose 
A=JSNS OLEE 
B=SSuNS Rare 
W=Seunse OSES 
BD=TLZMUNS OFEE 
A=TMNS HLF 
C}1#2S939*2-7)79192119 NSHL 042599 41 ares 
nFNOUISdS INISN GALVINITHIIN SI ONINOWIOS 3Hle LNINd NBHL @¢zed3g sy ates 
(3-J=t1 G4ZE 
M=25d5 OSce 
(32, Sl Cta> Aouarsigga ees AUly LHIMNY A252 
uqf,= UN Ids = teon. cae a LHIAd AALS 


CLIDHETISHSLTIAZ EES -)dXS*¥E9S9S7SZG6T EAST HlZ AGze 

€& G3¥Id orce 

| Q9ZE O1NN HF2E 
TCE6Sb27E6 +L ADRASBTHIOS °-Zv LADHZOSSATZFED +EV IL ADESEEEZERSEON -=19 ATES 

. € GaxId ares 

VIZE N109 AazE 

CLOOLSHSIEG "+ C CUTEE LEP PSESSE ES °—)dXFEDSLEZEITESLET  DESHEFESEIEZ -1a=sl9 ASTE 
Ev CCUTFELZAOEBERBEES “-D dM IEEZL2ZEIZ 

Ses D¥ZTSHERIION "FE. CCUTEEZSE REE ORE EES ~YAINS#PTLETELSSZET* D#HIOISSRION’-H=19 GEIS 
€ d3axIg ote 

2025S 


O2Z02F66° IIS AOE ~CviVIeHTETSbr  T-=!5 NSHL CO2°OUT) ANY (Z2E°=<CUT) SI OTE 
OPce NFSHL Cco* OUT) THY C2°2<UT) JST aste 

cleZa 

PISEEG +l IDETSSESIETIT “-7v 1 ADH LZ 222TIE6PPED*='9 NBHL CZ UTD aHHY CSO°2KUT) JST Grie 
. Olce HAHL SGO°>YUIT SI GETE 

S°9=41 N3HL (S=2) GNY COT=1) SAI GelE 

O°2=“T NSHL (9=Z) GNY COT=1). SI OTTE 

S°2=47 NAHL Cb=Z> GHY COT=1) SI OBTE 


516 


=) 





CEN*ESS°THCAXT A *¥ CHOI /NSTI Sl d¥Z2TSM=asN Waa 
CSvONSO9#XFENIZ CSV CHO S* KSEE DFT I=CTOdUNI=STSM WOM 


B29" THC bt A x= 
C/LRETI*2F OT XN* dhe Z= 17 
U2Vtd/ TOs ld¥qQLecus+ toady 
T-!'3/1=H 
CYIMVGd*¥O7ZT Ge dat pauy 
SS$-1X=FY 
QLvT=lY 
QS/4XIQSexX1IQS=65 
CAXIGINIS=9X195 
G-Xtg=94x1q 
CXIGOHIS=X1qQ5 
CX1G)SQ9=X1q9) 
CXIQL NLW=x lg 
M7 lt jaa 
XtPdetM=4I1WIld 
(Qi¥exX* I d=xtpd 

PITO°T=4P4q HSHL SZ6*=k JI 
690° T=4P4 NSHL GR*=K% JI 
PEAQ*T=4P4 HNSHL G22°=% AT 
T=4Pd HSHL O2°=% JI 
23966°=4P4 HSIHL GZ29°=% AI 
9266 °=4Pd HBHL SS°=Xk JI 
9S86°=4Pd NSHL Seb oHR AI 
S6°=4Pdq NSHL OF HK AI 
CQOHIS=95 
CQL HLH=4 
CXHETMEN#I AD ZEASDE  TGTHOL 
O2Z°s it T=tqlL 
G20° d31S S26° OL Ob’=X% YOY 


=) 
Dp 
'O'y 


MO O99 YH Onaesnrnnnrnomrmonarnnnvnoom 


PD i Fr 


Tf St FT UP UD UD uD UD Ud LD uD WD Ue DD tO '"D YD 


WO PR DA Deyo rw rm x 


Onowonovo aogocWwoo nso veooooo dona ”]00 


© ® 
wm 
T Fr 
mo 


ww 


Qtpe 


a) 





(8)bdS*S.YOLINS NOSTIMn # Cb UdS Fata NUL MBN BHLa SCOT HdS lak $CbOMAS LNING WAH 
(3D oue $99 GSXINOAY BHLy SAP1zasw= 649 GANBALISO BHLw LNINd 
Er pouds FGZA°RAPII9 
Povdst,Sr SLaNGONd BSHL SO WNS BHL, Ltryvg 
€ q3axia 
x LNSH 
POUdSE,= WNSa SIN fast dhn Ubu s,= 
“SXoum SKuttIXfae Wkn fESfu= OSuf4tass v= Gigs. {Qtafs= gig, 'yi,e %» LNIMd Ha 


= 1qQS,51qgf,2 (4, -tOl l= iia 4S. ie WSas on Gu ° G16, ALeeX i aT INT 3 Way 


Pluto OF ohh ood ane 


qi°xX*,agdaa°a ‘xs ‘qaqa -a’xp ‘aqaca a Ske ‘aqaand'a’Ks ‘qada ‘a ‘xe Sqadnd i. SHISN LHI 
bt G3XxXIg 
pouds+poug=pouds 
dwisstpraqepoug 
T=dmts NSHI 4} 
P=AwlS NSHL SZ6° 41 
2=AutsS WAHL $3° a 4} 
P=WtS HAIHL G22°=k JI 
C=AWIS HAHL O2°=% JT 
P=dUtS HAHL GZ2°=4 4] 
e=4m1S HAHL SG°]EN 4] 
p=dU1S HAHL Ger =K% dT 
T=4d1S H3HL Gb '=N JI 
SK AWA AHt Pry 
EX/ODEXIQQ*#1LdI¥S=F 119 
COT+ZV OX IDONU LIZ OX IMONUL ECT-L 37D 827 dN ez 
ESesMeNedoA 
CC CONOW/NOW-T eS " CEVONOW4 TD EZ-D dH IISIHE CLASP )/2Z=9N 
CCC TONOWUZINOW-T) eS "VC ZV TONG +1 ¥2-DdXZ SIME CT d* 20722755 WY 
COSVHZEN=LONOW W3Aa 
(BOVHYZKX¥EM=TNOW LAY 
C689 TFA) /B97H=ON04) 
C689°T¥EAD/SREG9/H=NOL 


wuosduig x tagp,! 


O2O0b 
HBTQr 
O90 
NEES 
26 € 
Baos 


an eae 


GO362 
qs § 


e 
ASE 


“fT 
¢ F 


mM HW ope 
C3 0 OM -=— 


Yo o oo 
— (2 
gv 

on) 


Q BD 
PD 
ee ee 
3 MO 


7~Ooodsooaqo dD) YD ® 
ml —- ed oO oF UD I'D KR. a3 
ooo vdnrnn@d Vv D9 
OoOmnNndnnog8o oO mM 


Ts 
K 
We 


> 


C 
fi 
4 


H22E 
OeZe 
O52E 
OF2e 
QE¢E 
BE2E 


58 





DPOUd *CO"STIUIS SIMS CO*ZTNASfIIGL ICO 2ZdHASIR LNING WAX 


CC CONOWNSNOW-T)*5 


TUnS+ IPI Yg=TWNS 
dmisex2tpags 2poug 
T= HOHL T=X JI 


P=GNtS HAHL GF6°=M JI 
c=dwts HBHL Ga°=Kx dy 
P=d(S HAHL GSe2°=k 4] 
Z=4"tS HAHL O2°=X% J] 
b=dMtS HAIHL Geat=k JI 
e=dWtS HIHL GS*=xk 4] 
b=Admtc HAHL Sot =x JI 
T=dut5 NSHL Ob =H JI 


DEF DUDA GHIIP I 
IESE IME R= IAA 


“v CEvONOWNFT )#S-IdIRIISINE CL d¥Z2)7Z=4M 


C6OSS°T4EAD SOS HHEINO TY 
C6ES9°TEEAD MEGA H=NOY 
IIQpeKkepanu t"7) 

PES-{X=23y 

QLiv7T=lYX 

9$79219S# 21q9S= 785 
CQILADNIS=92195 

G-II'q=qI14q 

CFLOHLH=4 
CXETOHHFI A /PARES TOT=QL 
a 315 

IIQL HLy=I1g 

AEE. KOO wee waioes Cee D Laiti 
Rest y=tqh 

G20° d31lS SZ6°* OL Ob *=x% YOY 
€ 1LyON4 


HES 

OCEhb 
HIEb 
OAS 
BEI 
Sep 
O2eh 
DIS 
ASZE 
Otte 
OE 2t 


i] 
"e 
a 


Tr 


oO oD 

hae ae ay | 

Cy UO) & 
wT 


BETTE 
BHalb 
O2t 
QAlp 
OST 
BtIb 
HETb 
Soe © 
58 8 
AAT 
ABDAFE 
8306 
O20 
GAOF 
BSA 
GPrBp 
BEOP 


Se 





$39f,2 


CQL NLY=4 
CXRETOENKIADZEASFE TOTEOL 

CTIQHIS=1195 

CTIQLIHIH=ATIQ 

CX¥TO*l dort rl4= tig) 

IXtpdgetqd=fatd 

IPdePd=TXIPd 

PITA‘'T=4P4 HSHL GZ6°=% 4] 

600 °T=4P 4 HAIHL S3°=k% 4] 

PrOS"T=JF4 WAHL G22°=X% JI 

T=4Pq HSHL O2°=% JI 

C346 °=4Pd NAHL G22°=é 4] 

9266°=/Pd HSHL SS°=X% 4] 

9886 °=4Pd HAHL G2r =k 4] 

PO6°=4Pd HSHL OF°=X JI 

G20° d3lS SZ6° OL Ob'=¥% NOS 

Ta/7%¥'d=Frd 

Tdts'Gistdeg2*=tid 

$¢Goas $4 WHI SHL. LNIAd way 
CS'QIONLYH=51g 

930 Way 

StQLi,.S51 $9 LHSONWL TWH BSHL,» LNHINd WaS 
T+CCSPLAD-TPLADIZCHAL-FIQL>debageytQy 
CCOPEID-TPLADACILAL—-DIGQLIDIF IPL IAQ- Mt Qse=] 
CCLIDRO"SD7CSPLID=-1IADD+eTOHIGL=AVIGL 
G2°71W=191 


139 CSYINOAY BHLuTPHADlw= $29 ASYSAINIG ONIASINSA BHLw LNT 


E/TYINS#G2B°=1P129 


Tunst,Sl SLONGOYd GSL93BxNGD ZHL 4O WNS BHLw LNIYd WAY 


6 GaxId 
X LX3N 


60 





BtOr NSHL aplrag=Zzpirg 
O96b NBHL €24324ag¢ZTP119) GHY C42Uy>29149) 
G26 ANSOD NSHL sourczpiag 


a 
GO! 
S| 


C+ lagedouy 


MNPlID=CPlID NAHL WsI2wagqszep1rayg 


dI 


B26 °* 19D Va IBA, 

E7Z"NGeGea*=eplag 

| * LX3SN 

TPOMd ST LIDS IMS TL inurfenzianixfiriar’s LHIMd Way 
SYNSeTPOageZuns 

AmWtSepliwoq=etpo4d 


F=AWIS HSHL GSZ6 ‘=x 
c=4M'S HIHL GB°=YX 
P=9NIS HBHL Gee*=x 
2=A1S HAHL @gt=y 
FHI HBHL GZ9°=X 
e=Am1S HAHL GS'=X 
bods HAHL Geb o=xX 
T=HAM1S HSHL Ob o=x 


at 
JI 
dl 
S|) 
al 
AI 
a 
a] 


PAS ANLKFENS INAV Oo Tl 3d 

| ENE UN*esheyePneinmy 
CC CONMOM SNOUT IEG PVC ZvONOI4 TO ES— DANII SIME CL de ZY 2=9N 
COBO TEED ZOSZHSINOF, 
COBS*TXEADZN¥OA/HENOL 
CT§'QhleXor ts tiyauy 

PATINA LKSENZINLY 

GQivt=i% 

ASZOTIGSeTIQg=stansin 
CAUTLEONIS=9QT195 

G@-Tiq@=Ql lq 


CHONIS= 


qs 


OSEhb 
Qtap 
ALE 
O27 AF 
QI6r 
SEST oes 
B63F 
HEShb 
A226 
STEEN 5. 
AGS 
AS 
BOS 
O2er 
ATS 
QA 
ABZ 
OR2b 
O22 

Qadpr 
B52F 
ie 
GE2b 
Q22b 
QT 
GOdb 
G62 
O29 
BZIP 
O99h 
OS9p 


Gee 





CHONTISH#9S 994g 

CQLONLY=G ASES 

CHETAIEN# Id LEASEESTATHQL OFFS 
CCIHQONISS2@!9S aces 

Ce€'GoSOI=H=!t!'909 Ases 

CENQLONLHH=2'19 O12¢ 

Aft y=etQ), ANES 

fity mau & Butsn ydseoudde Sr eUU4aALS ue Si sary KyeELT=ATIGL Paw os6tc 
. eXtIPsetC=E3td @SIG 
APd*cP4=EXIPd AZTG 

PTT@°T=4Pd HAHL Se os JI O21 


AAO T=4Pd HAHL SS°=X JI OSTS 
bEBA*T=4Pd HBHL Gé2°=X% Al OIG 
T=4Fd HSHL O2°=X% dl BETS 


966°=4Pd HAHL S23°=X% JI QzIs 
QZK66 =P dS HAIHL GSS°=% 4 atts 
226°=4P4 NAHL G2b t=% 4I oats 
P36 °=/P4 HAHL AF =e JI aENS 
G29° d51S SF6° OL OF =X wOI a 
mO7L In SCEIWAS SH INTIn PC ZIYGdS fu! TSOIn $C HINdS Saku $CEIHAS LHTAA W344 G2 
JStQL#O2°=7!17 990G 
Ta“2tld=2Fg 0: 
Ide JtQietG*G2°=Z1td Oras 
9089 OL09 NSHL OX 25939 JI OfHS 
"%86 JO 4OLIWA J 
INS0T4SNOD BU HLIM G3390ed ABH NOA “ASISIYSA N334 SYH HHLAG TWNIS BHin LNTMad GFA 
CHIQDIONIBHASI9 9106 
Quy aaas 
$'TinST Y2°O@ LY SISNUIG NI BIDNY LYHLe LNLAd G666 
CJIQIONIW=3'g ASKhb 
| 930 G26> 
JI9ULi,SI $ €NS YLT 4O LNSONYL INIA BHL.» LH1Yd 0966 


i 


62 





262 gnsoy 
S2Z0° d3lS SZ6° OL Ar =x YDS 


92SS 
O2Cs5 


wXBUA, SCZdHdS EXEL 4, Ce, 


SP uUHd Wa SChONdS$ Lon SCbHdISSy XL nS CZBdS Sud ALL CHINAS Suhn $CEIHAIS LHING 
; OFS ZXEMLASINEUD 


SAISTAH=ZXxEuY A 

222 

eud(H=2u 

BEb2Z ANSOD 

(22200 

OCT/TC*PlLt9=19 

wow LNA 

4ea3t. SI CYYS) OILYY YSN QSGNUdIXS €%BE NIHLIM) SLYWIXOMNddY SHLa LHIdd 
wow LNT 

T°27Z#10 70724889 

OF Fn =°%, LNIAG 

AT°/Id*Ppltog=07 

B9t2 INsod 

O2°=% 

; IL Sh 
TPs ON0UG we tai slips Waa 


PANLAML/ SIGs IIe d*¥Z=IPl 9 
COTH+SvZIQLIZZTIGLI ECT ALS TEZSIMEREZ HIND 
Z/°2'9Q9*e deh=Z2 9 dy 

Maye sensUazageg 

CC CONOW/NOW-T > ¥S “VC ZVONOW4 1 #Z—-) dYIISIHE CL de Z) 77244 
C6E9°TSEAD/BAZNH=ONOLy 

C689 "THEA K*O97HENO 

Ual—Manaljean[ any 

Qiv ~Tsuanalg 

GE/9Z'qse2z'qgsuay 

CA-ZIGONIS=421q5S 


aSSs 


HES 
AESS 
Gess 
@tSss 
BAS 

BEES 
Q2tS 
QZ2FS 
Bars 
ASES 
OBFES 
QEES 
DES 
GTS 
AMES 


— 
rA 
Ww 


ODD DOODO ® 

map OP UD fie fh. 19 OT 

M™ MH WF FV) OD OD OM 
OMWWWWwW WwW WH 


OOr 
Q6eS 
BECS 
O2eG 


os 





agi isis fA Ssuial.agaa’ *xz‘aaqaa’ tx2 


Oa Ge" 6" i te eee st = 


OUI Iw SCHIVS Ful 74n FCIHdS Sud PCboUAS St 7Py £OZ) 


c 


L9*¥S°9E=P4UdiW NSHL CBrsO° 


5° fee 


G20° 


ef 


ees eu te 
qaqa’ ‘x2‘nqaaa’ ‘xz ‘° aaaq° a‘x2‘dqaaa’ *xz2‘aqada‘'a'xz‘aana'a'xz 


Bud 


LQxAT= 


96B*t=217 N3SHL 


— 980°T=2t71 NSHL G2bo= 


d31S S26° O1 OF °=K% NOY 
Q82G 3FYNN1LS3y 


t= Cp. er] 


Sods, 


HeZ9bO9 °- 


I 


LX3t 


‘qaqa’ ‘xe‘adaad*aus SONISN LHIMG 


OV*e4AL Ls tel 
2YUXGH+9T Se d4qeuty 
4uA hs 2XBu dad 


6282 INSOD 


At 
rT OL 
OS Hie 


WH34 


T=1I and 


HLH 


CPIOHW WIT 
HdS LNIAd 
INISd 


x LAAN 


9 “2 ta 


Me DHISN LHISd 
XTEVEW [Laem 


L3*ESst° 


mos IN| de 
PUdLH HAHL 2°=<19 4] 
BFUGLY-NSHL (Z2°>19) GHY CerSe'=<t2) aI 
>19> AHH CH=<19) JI 


XV TT ¥PLtI=t9 
217#07=x7 
G9S*=Z211 NSHL SZé°=X JI 


£a2*=2t1 HASHL S8°=xX JI 
£08 "S201 NSHL Ge2°sk JI 
T=2lL7 NSHL G2°=% JI 


S79°ek JI 


EZa@*T=211 HSHL SS*=yX% JI 


dI 


S8O°T=2t1 NSHL BF°=X JI 


ees¢c 
6283S 
nage 


ar 
‘a Ss 


ares 
BESS 


ba} 
OS iD 


DD uD WD WD us WD WD 


eM ODD DD! 


DAN ATTN DRARDANMX TN ODN: 
WwW WOH DD Diy OW ty mB KY MR Fe ene BR BR f Pe fe 1D 


VWYNNM WNW WWW WwW www Ww s 


Ty 


eo voooosv0o20e0o DOI DAA® 


00 


64 





Halo Seescu ae 2g Gs pete tee t= fene te ae. Cuing se Mutinnicim TS 

CPIOT WIT BST 
IS ful 7Pa fh CE GE H4S LHINd AeT9 
=o tienetan hia esto 
t+Ev4EZeBRIGIZE 2S F-=7H ASta 
€ WaxI4 ora 
2 SI WSN @fT9 


etel 
CELG  TAVE RSENS ERSSE C-CVAPAeSEEATI SHE v4PFeSSIGlZe2°2-=tMN NSHL O2°=% JI WAM BTT9 


moog CPM dS. 7070) «6 CPIH4SS$, b 74, Sea enuds! 4, Scaces 


er 


> 


TES eS T+ 4B FH 69SEC S89 2-7 VIE ASSESS TT 


é4 HAIHL 6° 
=2A HSHL 8’= 


PIOCSETIS* T+YH Fe S99R69C CR -eVAU IFT ICSE 
BLEPTESES T+YHF*4 TAGE CET -2v ange bp aee2s 


4, 
¢ 
= 4 
ae 


oan | 

96S66S °T+4E 9460S CEPIb + CVIERZeTZAGSSb  T-EvVAPASESSZ FEN’ T=2N HAHL 9°=% Sl WSN aata 
t 

PEOTICSEh’ T+4HE Qe 9SG6F6E8T ° FEVER Ae ICE PIS" -EV AR Fe TeetTess6°=cy WHSHL G°=8% 4I WSN AEAA 
66562 

CL2EC* T+4P 5949568287 "+ZvUP Ae L6IEGREE' T-OvVIEFSE THE SSSB*T=CN HSHL OF* 41 W344 @sa3 
6€886b66° Baas Rane +CvAPZFZ2T 2p ISB + EvsbZeGEoI9lE@°=1H WAHL SG Cet 3T 6289 
9B°T=TIN HSHL €SS*>!1) THY ¢CSb°SIT> 4 aaag 

T=TX HSHL (Stoo!) GHH ¢SGE*°=<'7) 4I ogaag 


627HESTHE°+HEA+S 
BEBICIA*-CvIP Ae beep GEO +Ev4E RX EOLIGEIO*-=TN NFIHL CSE*>IWD GHY CGZ'=<17) JI oraa 


GELZBE2Z9IB +48 
J*ZAISLCEG "+ SvI4EFEPITZE GS °-Ev AER¥OSIGSZZO*=1N NSHL (GS2°S'7 GHY ce'=2C!WD Al BEM 
EPECZRIGA +4EQ* 

2-SJOEEb* ~Zv4E Re 2bezte8* tEvIPJepooe prt S*-atM HSHL C2°>'EWD GHW CST*=<t7) JAI acne 
ETESKTTI6°+4P 9268 

EblEB -C$vIEAF ITI Z6EIS T+ EV4YEARSGISIPTI bh T-=0N NSHL CST°>!'W> ANH COl = st7> 4I eras 
1 @3xI4 enaa 

t3-d=!7 0466S 

VE9°,2YH9, LNIYd 36S 

% IX3N A265 

E/SEMNSeSG2A* HIER AVES 

SEVNS+SEPO4JH=BEWNS OGAS 

dvi Seueaq=secpoud @F6S 

Q@8c2 ANSO9 BE6¢S 

PI#Id/Z¥7=4b Aq GES 

T07X7=P7 OTésS 

211*97=*7 6806S 

AJASC) Ansngn ndeee 


65 





CRUGLHETISTO'+ 1 O¥6FRG°D¥SHATEUAIY BAGE 

LO1S*8060S12b9ZE *b- ~IS26TESHGIB"T=SN NSHL CIT*=>26'S> ANY ceesas<Zzblsy 4] Ber? 
CECPILZ99I666 

"+20 1S#ETESE L086 * -Zv2biSe18260Sb 6E-=S4 NBHL CE9EO*=>2615) ANH CO=<2819) 41 EFA 
COS2919947v C683 THPA) )72DS98¥(OH-PHEMHDZbIZT ZeeztaZBis Agta 

G°=9H G9F@ 

CS=EH AGHA 

QT=MH OFFS 

Scone’ t+¢ 

CTAEOS DO THC LIGINISD¥TBOODOSZEHT  TH+2v CC 1T#O2  LOTECZIGONISD SIQGGSZIESb *-=4H AERO 
evcéd-2!'!9 SOI=DEL291q99 Att? 

CVC ZIONISH2Z5DEqS BIta 

C6632 nNsoo gaara 

XTVIT#PltI=19 BLED 

24 7*#07=x4 Dee 

O2E2 ANnsay ae 

CCOLZ*RITENFI GD ZEAEEPE TATIONLHH29 O2b9 

CO2Z°/7 I DHLHH2Z12 OSE 

Elg@='!g Orea 

EXIGL=!Q1 HEES 

Q2b2 ANSON O2E9 

G28° d31S SZ6° OL OF =% yO4 Ores 

uO dn $CEUdS fal BHd ls £2 YdS SuWHdW SCE INdS $n dn $ CO SHS !2°87, SCE MAS! 

m2 OETn SCHIUdS Sn Tu SCO"SIUdS $n NULn $C ZUdS $ulA NULn $COIWdS Sahn §CEIMAS INIHd one 


“2. 


O612 JYQLSAIN 9629 
I L¥3H Osez zo 
ATLAS LA‘AS4tC!,aaaa’ 'xz! amqaq’‘*x2‘aqqaa’ ‘x2‘aaaa’*x2‘aqaad‘aWs ONISN LMNINd G2z 
OTe NEDA 9979 
CNXINFLAH=ILA OS29 
O2°*OTW/)=tA OFZ 
AWAAEZXEU =) OLZI 
O@282 4NsSN9 O22 
. 4td Gy¥3y¥ 01293 
tl OL T=I YO¥y 0029 


'D 


) Us 


66 





86cCE O109 Atsa 
* LXIH 8039 


ELZTAZWNS*GLZH HI A629 
CLUNS+S2PO4AgHTAMNS Of29 


duit 


S#dJ=e2POug 229 
8822 ANSOD 0929 


YINLSMLeYUIdIgVl 4xQequycuopordyz+exiqpy»=doq aces 
B66 OL09 N3SHL O@2°=X YI W3¥9 OF23 


U0 | 


ocdgiy JINIad Of29 


EL IMNSeS20°=749 B29 
JINS+IIA=5"NG OT29 


dwiseiw9q=324 0029 
8322 ansod 0429 


CEXIQGLEUOLOSAR-] yxYIAL AML XYUSFIisiassar1.zT 92249 
uo lLosdg=2509 NFHL O82°=% 4 A299 


Ate2ed ANSAD O299 


XUIdePltI=13 ag99 


CJOHIS/CH-ELG)SNI*ESS* TSP AHH 


: G20° d3LS S76" 
nNOWSdan sCEWdS Luka § 


sPd‘reudiy‘feudiyufirofea*2ia'a ‘qu fexiqn'x!,amdad axe ‘anda a ez ‘adda 


‘aqadd* ‘xz ‘aada’ ‘x2 ‘aad’ ‘x2 ‘aqaa’ ‘xz ‘agaa a xz ‘aana a ez ‘aan wl, 
CLEILG NU L¥ I 


21 7#9 1=X7 8699 
B22 ANSOO HE99 


63tZ2 ansoo gz2aa 

Q1399 

QL OF =¥% ANY aANAP 

CEYdS LHIad 0464 

Xx LXSN 9as9 

dad sz 

AONISN LHIAd 9259 
Lb4y*X*Id=4Pd 0969 
TEYd(H+I(G=1EI1G ASGS 
GES 


CLZTOUALU+Z2IDONHI CZEUDL M+ Z TEU use LaQHULELLt4 


C2LUFCISIA"+219*6F80° 


>#SHHaZTEUALY GES 


CT—CT-UH4E D> #C2vCLEDSOD+T DZD HC 2I-2 1D + IEUA i Y=ceud iY 82659 


B=GR4din OIS9 


67 





@828 ANSON HSHL O2°=9X 41 O22 

ATES F€NSOD WHSHL SZ9*=OKN SI O12 

OFES ANSOD HAHL SS°=OXN JI OAaT2Z 

AcClS ANSON WAHL Seb =9X% 4I 602 

AACS ANSON NHAHL AP T=OK% JI ase 

OAM SCOT IVS Fu OXHn SCBIUAS Sahn LCEIUdS LNIMG ene 


a= tL he 


Qbwi. SI LNSHOM THHOISHOL SHiws OX ueoK Ln LHIAd Gan 


Ftben SI LNSWOW OMNIGHST BHLe fOR!,=O% Lun LNTMd aces 
CE7SBUNS*SL20 DESY CPRASERSI Td ECZ/1 de 8. C2710) eC NONHaby gtoe 
CELEBUNS GLO ESV CEASESA TEC ZL IAHR CELT) ¥ZSMOMHTIN ALE 

Y IMSIN AZO 
Gsung+qbmy-qauns aia 

ELWNS+Q uu yaeons gage 

dwisgeqbugeqbuy a669 

dmiseqaug=aqimg geea 
Q@$22 ansod az6a 

“(OX- ee ee A269 
CORX-KIECEXIGIZ—-T *#Y4INL AML xyausarglascaqramy Bong 
ExXtqrseucposdz=E€x141y OFE9 

@tZZ2 ansoyo Oce49 

XV TTePlla=t9 azE9 

27#01=*%7 @16a 

@2£2 ansay ané6a 

Bete ANsoD oeea 

G2Q@° d31S SZK6° OL Ab’=X% NOS 0859 

G29° d31lS G7T6° OL Or°=ON AOS O99 

«€SE1 14 NI 3YY SINBWOW TWIN 3LON> O96°=OX NOH SI JNOND ONIMQTIO4S BHL.~ LHINd 9229 

wCdHSsS em Bi 4 U1, 4 AAOW PUR WS 


UD 


40u ues dat todoud BUA) sds SI JHS SJIG8TVIG Sicne Id f.=CPSqQuozsqey)gus,, LNId4d 
ASS/CBSMOY) *$¥FV 06689" Pelehis aee Ke det One 23 

Pt iwsb13, 62d9!,29d9, 694196 ,2949, ININd 8289 

9d973349=813 9289 


o 
0 
mY 


68 





e9¢d°=Z2Z17 NSHL SB°=2X YI 
€O6°=217 NSHL G22°=X% JI 


T=2lL1 HASHL O2°=X JI 


SFO*T=211 NSHL GCS*=X JI 
SG°=" JI 
9EQ°T=2U7 HSHL Geb =X JI 
B8a°T=211 HSHL Ab =x JI 
HaNLay 


EéH°t=217 HSHL 


7 
G2 


Q° 


a 


H 


pedlS HIHL GZ6°=K% JI 
2=A4H'S H3HL GB°=K% JI 
HSHL G22°=% Jy] 
c=AWis HAHL BO2t=¥ JI 
bats HOHE 
c=dwic HBHL SG°’=K JI 
pedwts NIHL S2r =x JI 
T=4U1S HIHL Obs 


=~ dI 


eet 
NALS 


SPSvCMINZKX TEN LITE LID SSH +lLIFSGZOZ "CST T+ 1 DZESS "TP =U0l9OSsda NBHL 2°=<19 4] 


C¢Ces°* 


TO7ZvCBZEO"+LO¥Gh > dHCEL TH LDebt "SHUT lLosdg NAHE CZ°>19D QHH CSPSa*=<19) JI 


Choo eal 
é8 O109 


8S ° Sv CMON XT#N) LIT* 1997696 °+ 194962 °=U0 19509 HOHL CBESGEDIT) aohH 


S20 °+0X 


OX AO4 


Ca 
Aa 


Ox 


SI dNOdd SHINGIWIOS SHL. 


Vv 
tr 


LAX3N 


IN Tad 


LX Stl 


ody fox * yf, adad *dadadd ‘Xz ‘Gadd aaqdaad Nz ‘add'l. ONISN LHLlad 


Gps ansag 


ACES 


E'Q3*#4by-Ciqseqap=odny 
EUGSe# QO +O 1 Q ae Qrapsomy 

O9r2 ANsagD 
NSHL SZ6°=0OX J] 
@nson N3SHL S8°=9X JI 
OOtS ANSGOD NSHL G22°=0X YI 


OCP. 
BEL 
Olt 
AOE? 
QE 2 
QS 2 
B2E2 
O2E2 
ASE? 
Are 2 
re 
QE? 
OTE2 
ABEL 
9622 
O8e2 
Q222 

C¢€83 
O9E2 


CMOHZX VENI LNT LI 7SSb 4+ C1 9e8a2s ° 


Sc 
Mb 2 
BECe 
eee 
Bte2 
ANS! 
974 
O2t2 
Q2t2 
O2T2 
OST2 
Obt2 
Betd 


69 





CAB/ZHIZK#EN=TNOW 

C689 THEN 7027N=9NO}) 

: C69 "THEA X*O9/HENOLY 

YUUap-YrwauanalqA=uriapany 

Qivtayauuanalg 

ASZIEMQS#E IGS Hay ual 

CHr-EMPINIS=9E195 

CQOHIS=95 

€99509=99 

CFLoHLB=d 

CXETAENE TA LPASFE TOTHA9L 

CEUMVHISSE IGS 

CE ldo SyodaCtqg 

: CEXIQIIHLBHE Ig 

“!T MSN 3HL NO 3SY¥@ SIDNY WAHILdO NY S3AIN SIHL Meet qHe*lal wax 
KAZE VESXIQL 

EXIPd*IQ=b ald 

APAH#EPd HEX IPA 

FTTO°T=!IPd HSHL S26°=X% AI 

BOR T=!Pd HAHL SS°=X% JI 

FOB’ T=4Pj NAHL G22°=% GI 

e!IPd HSAHL O2°=K JI 
"=4Pg NHSHL S@9°=xX% JI 
6°=4P4d HSHL SS°=XK Jl 
"=4P4 NSHL Seb o=X Jl 
6°=4Pd HSHL @h°=k JI 
FEQL EO?! "HEU 7 
Tdverwttd=cpd 
Td¥stQieTdeO2°=f1ld 
NHYNLIY 

- S$9S°=2117 NBHL GZ6°=X JI 


2 


CW 


6 

oe 
9ES 
od 


6 
6 
6 
5 


Hb22 
NC22 
He22 
Oi22 
SS Par 
AGA? 
Qead 
6232 
NeaZ 
ASS2 
OF22 
BED?Z 
Qc9¢d 
A19AZ 
aS Bea-4 
AES2 
BeS2 
O2S2 
A9C2 
ASS2 
Qtso2 
QL5 
AZSe2 
ATS2Z 
BIS! 
ABEL 
HSt2 
Odb2 
HAPs 
NSEZ 
Orr? 


70 





Q@°-=d4y N3H1 Z°=4id 4I esas 
"-=d4 HSHL OT°=41d 4l otne 
"-=d4 N3SHL GM°=4Ia 4I Beae 
~-=4 HSHL S2tA°=410 4I 97093 
"=-=44 HSHL G2OM*=td JI oIne 
O=45. HIHL T=4td 4l e008 
"=.AX HIHL G6°=410 Al @662 
C°=4G, WAHL 6°=410 Al @gé2 
38 =110 431 Al62 
S°=G4, HAHL Od *=41d 4l 9362 
26 °=A') HAHL B@°=410 SI ace 
=I) HAHL S°=410 dl @rée2 
"=4WAX HSHL Ob '=4td dl Ofte 
"=4A! HAHL &°=4t0 sl @Fé6e2 
r=4mA) HEHL 2°=410 4l OKe 
=4NG) HAHL OT °=410 AI anéeg 
"=4UA, HAHL SO*=4Id Al GEG? 
=4WA, HBHL SZIQ*=119 4I aged 
"=4"A) HBHL G2OQ*=410 AI O282 
HANNL3YN e292 

LD*Qt=Pudiy N3SHL 2°19 AI OSR2 

CH=PUALY NSHL CZ°>19) GH <SrSe'=<ld> 4 ate 

LD*S°9S=Pudiy NOHL CSFSQ"D>19) GHH CO=<19) 4I oFee 

HYNL3SY OcRZ 

UINLIMLZELQQeEMMe Qe T ge Z=P (19 O1392 
COTH+SVCELTONY LIZ CE LADNM LECT HLA DDF ZL INEMSS HEME QOD 

ZYEMQUDe debayrztrauany Q62¢2 

UIMSLSIMEXHUIUSIIGLY OSe2 

CCOOTONONS TNON-T)¥G VC Ev IONGW4+ 1) ¥S- dK ASIHE CIT d4Z)/°Z=F5M HAY B222 
CC CONOW/NOW-T)#S SV CSVONOW4 TES -IdKHIISIHSCIG*¥S7Z25MN BS22 
CGALNIZEN=ATONOW OS22 


oe IN me OE USD 
ite) One Sar 
WwW © wmv Jr 
om 1) OD 
OQonre 


C2 UD 'O | 


‘ovr 
OW) Mh 


® 


WO wom Mo 


"T ft. Ud 'O 'O 


OY’ hr oD oH SY 
NW 
= 
~ 
TY 
Be 
~ 
"9 


XK 
it 


a 


wee 19 IN 

TM iD =— M 

“a= OJ) WO NW 
“oh 


J WD 


~~ 9) 1 UD I'D 


bbe 


Bee tt 


wy 


a 





GS26° dal3 Se6é° OL SE3°=xX YOY 


OTTZ O109 

G2G6° d3l1S SZ6° OL SG*=% NOY 
gate OL09 

S20° d3l1S GZ26° OAL Sét‘ex OS 
84902 0109 

G20° d3LS GZ6° GL OF =H ADS 
HAN LAY 

2E6070°=49H HBHL T=4tq 4] 
aiseaeeci N3SHL S6’=4la JI 
2¢neza°=dH HSHL 6° =4Lq JI 
A99bzZG°=CH HAHL B’=4I1G 4] 
GASSen'=dt HSHL O2*=4lq GI 
ESSSEM°=HH HSHL @*=4la JI 
O8it2ScG°=4H HSHL S’=4Ia JI 
2¢S9¢tCO°=dH HSHL OF '’=4I SI 
CECCEO'=AH HAHL E°=410 AT 
Abed IO °=th HAHL Z°s4ia JI 
PJOBIG° =A HSHL Gtt=4 tq 4] 
PH250G°=IH HAHL GA*=4Iq AI 
B238tan =A HSHL SZIB*=4Ia SI 
PSSTHO°=a4H HSHL G2OR’=4I1q JI 
MASGSBI9AT Cady HAHL T=4lq JI 
A2e6ct°=d4y HAHL G6‘=4lq JT 
BEGETT*=d4 HSAHL 6¢=4ta SI 
923°S9°=d4 HBHL B'=4I0 JI 
Ot6S00°=d4 HAHL B2*=41q JI 
B8S22E0°-=d¥4 HAHL B*=4la JT 
BS21¢0°-=d4 NSHL Ge=4laq JI 
628569 °-=d4 HSHL Ob =4Iia JI 
aN9260°-=d4 HSHL €’=4Id JI 


uw WO 


ey ye ee ee es et eo ae ce Ie 


ao af 
onvonovoo 6 


m2monvo so do o90 9200 
uy 


70 DAHOWDDD HOW M 


UE DO fy CODD ee OFM er IID R- COD OD am YEO 
wy 


ww 


SO DD OOO 9S GO Oo oD 


C1 
Fe 6 
= = 
03 WO 


OcTSs 
BITs 
BATS 
6458 
A308 
9208 
B202 


a 





ae tUBMALS SPRiq ayr Jo aunrenunds yo ayBrau aura si A, 
w4O3IPS YUOSLIM 842 SL IN, 
w2PPLG Fur Jo SNipPu ausrouad aura st x, 

we IUSWALS aSpelq Ayr 4O Ssauyr1yr aur. st 4, 

wZIXe A aya anaqe auawom au4 st oAp,, 

wSIXR XK AYA ANoQGe auUamoM aya Sst omy, 

WH plm epeltq aura si qf, 

wh Q=X YE YIPIM apeltq ayr»a st o7,, 

wOLIW4 SIUBAPE [Hap aya st 4, 

pOLIPY SIUPAPR Parisnlpe aya st ur, 

eCEPQGMR lL) OLIP4 AdUENPR |9ur st 4, 
wFIMVILILFFAOD UOLADAUUOD waqued ays sue Sy 9 14, 
oUOLI (MIA sya s1 9, 

wAIWUALIIGZAa S,ualpedoud aya st e139, 

wOlIBs Agt(rheup ayrai si uoptedsg,, 

eAOUaLIIG ZR swatLadoud peepee sua sy 1g, 

nCOW7FAY) OLIPY Pauk Ppsapued “a anya st yug,, 

wGIPIM aPPl[Q 49 AUB VAad Sur SI Dp, 

uC °C VJN Aaraneip aur St q,, 

nQUFLIUGJ3OD PROT Asnuyyra feaspt ayra sr 129, 
eMUPLILZSJAOD PROL ASsNsya feury aya st 999, 

ew MUSlLILGJSOD PEOL AEMNays aur st 49, 

wtUALILZJaod swanod petry aya er ody, 

wt Fhl JO AWSLILZ IZOD aya st 19, 

w2(Gue yorid IimEUApoOupAYy aura st tq, 

H4OLIBVINED YOY EYALE O91 UOLrzreusuoyn aura st Teudiy, 
nAPS IW FO apHue aya set eudry,, 


NYNLIY 


INIUd 
LNIYd 
LHIYd 
LHIAd 
LHIAd 
itllad 
LNIAd 
LHIYd 
LHIAd 
LHIAd 
iWidd 
LHIaYd 
LHIAd 
LHIYd 


“LHTSd 


Ltlldd 
LHIAd 
LHIAd 
LHIAd 
LHIAd 
JHidd 
LHIAd 
LHIaAd 
ittldd 
LHIYd 
LHIYd 
LtHIldd 


OIt2 OL00 


S20° d3lS S26° AL G26"s= 


“a 404 


QSTt2 NLO9 
GZQ0° d3iS Ge6° Ol SSB*=% YAS 
AtI2 OL09 


SéQ° dalS Scé° OL G22’ 


=" Od 


BET2 ALOD 


S20° dAalS SZ6° O1 @2°= 


*n 340d 


Bete OL09 


8E28 
8228 
9128 
QAN28 
9523 
92238 
9238 
0923 
AS38 
Q9b23 
QE93 
A593 
H193 
B98 
ASS 
H2sea 
0258 
0998 
0SS38 
Abs 
B55 

DS 

O1S3 
89S8 
GAPS 
N88 
AZESB 
AGES 
OSS 
AES 
ALES 
HZER 
Q'S 
HAPS 
BEES 
QRe8 
H2E8 


us 





GHu3 et3ss 
é¢ @akId acess 
“wiG@3L3IIdHOD Wuyooyd,, LHIAJS 978 
St SI YSLHIYad ats 
OlES HAHL oNn=439 JI noses 
Oc HSHL «Au=t3 JI O49 
w JL3IGWOS SI HAY SIHL i@°T=OX AO4 dmOY¥9 ON sy JY3SHLs LHIAd G28 


$3 LIN4dNI 0228 
ew CN YO ANNA YSHLONY LNUM AGA Of “NNaA JH1 3O GN3 SH1L SI SIH, dSId 89928 
@¢ OL109 @628 


w"@33dS 3HL SSY3SYSNI yO SINVLISIS3SY W101 Y3MO7 ¥Y. 


HLIM NIUSU LYYIS NOA 1S359NS "33db7 COL SI L4IT 40 JNSI9T3SS509 BH1. LNIYd Bree 


74 





APPENDIX B 


SAMPLE COMPUTER OUTPUT 


The purpose of this program is to determine the following specifications of a 
supercavitating propeller: 

Diameter (as a function of an assumed RPM) 

Blade shape ‘chord dimensions at various radial statians? 

Blade pitch and pitch distribution 

Foil camber and thickness distribution 

Blade bending moment at radial stations 


In order to give you the desired propeller please enter the known 
characteristics of the ship followed by preesing CONT. 


Alpha is the angle of attack 

Alphal is the correction to alpha for cavitation 
Bi is the hydrodynamic pitch angle 

Ci is the coefficient of lift 

Cec is the final power coefficient 

Ce is the thrust load coefficient 

Cte is the final thrust load coefficient 

Cti is the :deal thrust load coefficient 

Dis the diameter (ft.)D : 

d is the percent of blade width 

EAR is the expanded are2za ratio (Re/Ro) 

Ei is the ideal propeller efficiency 

Epsilon is the drag-litt ratio 

Eta is the propeller’s efficiency 

G is the circulation 

K1 & K2 are the camter correction coefficients 
L is the advance ratio (Clambtujad 

Ln is the adjusted advance ratio 

Li ts the ideal advance ratio 

Lo is the blade width at x=0.7 

Yo is the blade width 

Mxo 18 the moment about the x axis 

Myo 1s the moment about the y aris 

t is the thickness of the blade element 

x i$ the percent radius of the blade 

Wr ts the Wilson factor 

y 1$ the height of curvature of the blade element 


Us 





SHIP’S MAX SPEED IS 80 

SHIP’S TOTAL SESISTANCE IS 120080 
SHIP’S MAN AVAILABLE SHP IS 45090 
THE WAKE FRACTION IS @ 

THE THRUST DEDUCTION FACTOR IS @ 
NUMBER OF ELABES ON FPROFELLER IS 6 


THE FERCEHT OR FRACTION OF SUBMERGENCE EXPECTED OF THE CRAFT IS 


ASSUMED RFN 15 500 

CALCULATIONS ARE FOR Si 

THE ASSUMED WATER TEMPERATURE IS 529. G00000 
VISCOSITY (NUD= .980013 ftr27sec 


The thrust-load coefficient = .1674 

The equare root of the thrust-load coefficient is .4891 
The advance coefficient, J = 1.5512 

The optimum advance coefficient 1353 1.2791 

The optinum propeller diameter 16 18.5634 ft. 

The expected efficiency is .6516 

The SHP for this optimum propeller is 45240.5229 


L = .496 Criz .160 Ln = .260 

The ideal efficiency CEID 18 .925 

Li= .433 : 

x TAN Bi cos Bi WF G Cc 1D 

- 4060 SATS EEL Ye .6739 1.2086 .8055 .0294 
4758 ~910? .7233 1.1596 .98a74 .8305 
- 5500 ~7865 .7468 1.1612 .09sa .9239 
~6250 26921 ~8223 1.0312 8882 -8281 
. 7088 ~6139 .3507 ~9463 6636 -9254 
.7758 So o22  . 3732 3407 . 9075 -0c2 
. 8580 ~5089 .8912 raote .OB6¢6 20173 
.9258 04677 9053 ~5187 . 8049 ~0125 

THE SUM OF THE PRODUCT? [5 4.337 

THE DELIVERED Cti = .122 THE REQUIRED Cri = 

THE VERIFYING DELIVERED Cri = .2772 THE FEQUIRED Cti = 

THE VERIFYING DELIVERED Cti = .5545 THE REQUIRED Cri = 


THE FINAL TARHGENT OF BETA SUB 1 IS .6266 
THAT ANGLE IN DEGREES AT U.P7R IS 31.9238 


THE FINAL BETR1 HAS BEEM VERIFIED. YOU MAY PROCEED WITH A CONFIDENCE FACTOR OF 


98°. 


76 


- 164 
- 16605 
~ 1605 





Los 1.6784 


THE APPROXIMATE CWITHIN 38%) EXPANDED 


x 
* 4006 
0475 
@ 350 
°625 
«760 


171@.7 


1.9689 
1.8569 
1.0730 
1.0469 
1.3000 


0775 
«859 
2925 


dz} 
-8675 
8125 
~ 85088 
- 1086 
- 2008 
- 36886 
- 4900 
~ 6088 
~ 7088 
- 8088 
- 9900 
~ 9568 
1.9000 
EAR= 


- 906390 
- 7630 
» 3650 


¥ 

- 8005 
. 0903 
.9037 
8076 
- 9148 
8244 
~0262 
-9258 
~ 8230 
.0178 
~ 9102 
9054 
- 9860 


e 3211 


Ki2= 1.006 


dv} 
.0875 
29125 
.0508 
.1008 
. 2008 
3000 
. 4800 
. 5802 
6080 

_ «7088 
8000 
. 9800 
. 9500 

1.0008 

x 

.488 

6475 

.550 

.625 

. 708 

0775 

.850 

B25. 

x 


y 
. 80Q5 


- 8808 


. 0037 
.0076 
~-3149 
~ 0296 
. 8244 
0262 
90258 
. 9220 
O18 
-9102 
-9a54 
28809 


TAN Bi 
1.8815 


9100 
- 7865 
-6921 


" .6188 


svwse 
» 089 
400°? 


EPSILON 


400 
0475 
2550 
0625 
«708 
a en) 
832 
2925 


.873 
- 889 
2998 
2079 
.078 
©8977 
0877 
-9r8 


1x 
1.8262 
1.8228 
1.5010 
1. fo ae 
1.5784 
1.°"36 
1.2807 
-9483 


t7l 

8023 
86333 
0087 
~8138 
~8221 
82838 
~9344 
8399 
6457 
-0522 
8524 
- 8640 
6664 
- 8635 


K2 


yz) 
6692 
0004 
.a016 
. 8332 
. 0962 
. 30386 
.0102 
0109 
0107 
0096 
0074 
8042 
. 8823 
. 0000 
TAN 8B 
1.0179 
coe ec 
74063 
~65t5 
252 tz 
S204 
.4790 
4462 


Cl 
1693 
~ 1766 
017353 
itsseh | 
. 1660 
21534 
21472 
~1389 


tcftd 
~ 8039 
«89°26 
~ 0146 
9232 
~8370 
- 3484 
29508 
-3670 
~8765 
8875 
~0931 
21075 
stilts 
21151 


1.666 
Cyzldec 


-0003 
- 0006 
~ 0826 
- 9053 
~-9103 
~91433 
-01790 
28132 
~81°9 
-9160 
~B124 
- 0071 
. 93033 
-9000 
B 
07943 
- 7086 
-6373 
S774 
29ce8 
24837 
04467 
04147 


ALPHA 

2.5080 
2.0000 
2.90900 
2.9060 
2.9009 
2.9000 
2.2000 
2.0000 


ye 
. 80063 
~3014 
~8062 
~9123 
0249 
0545 
0419 
9438 
8432 
3386 
~9299 
yop lirg | 
.8@691 
. 9080 
818.7 
«nese 
~wOs5 
soo30 
SISO 
Artis Te ee 
PEs EAS) 
ooo 
«990358 


AREA 


y7 imax 
9171 
~Ote2 
6180 
8179 
~O156 
9146 
9136 
8123 


Ti 


ynax 
60313 
» 9331 
8324 
20239 
3252 
8221 
-8174 
Bip Me eg 


RATIO <CEAR)D [5S 


ALPHA 
2.0000 


. 4548 


ALPHA }t 


28493 
8403 
. 0487 
.0402 
9395 
.8330 
~A3E5 
20379 


PD 
L.4634 
1.4655 
1.4672 
49097 
1.472? 
1.4759 
1.4817 
1.4851 





Lis .433 
THE FOLLOWING IS RECALCULATED USING EPSILON! 
x TAN Bi COs Bi WE G C 37D 

» 4000 1.0815 -6789 1.2088 - 8065 ~0294 

24750 29107 07393 1.13596 8074 -8395 

23500 07365 - 7860 1.1012 398% ~8299 

»6258 6921 ©8223 1.0312 -908e ~9281 

7888 . -6186 8597 » 2463 308% 26254 

07750 25582 ~8732 8467 ~ 8075 ~9228 

8580 ~ 5089 S912 7042 - 8866 -0178 

©9250 04677 ~ 9858 29107 . 8049 20125 
THE SUM OF THE PRODUCTS IS 4.887 
THE DELIVERED Cri i a THE VREOUTIFED Crise. 161 
THE VERIFYING DELIVERED Cri = .2780 THE KEGUIPED Ctr = .1608 
OME VERIFYING DELIVERED C11 2 .556!1 THE REUVUIRED Ct1 = .1698 


THE FINAL TANGENT OF FETA SUB 1 IS 
THAT ANGLE IN DEGREES AT U.7R 
THE FINAL BETA 


98%. 
Ctc= 


1168 
SHFP Cabsorbed)= 212. 


HAS BEEN VERIFIED. 


22236 
IS 31.8250 
YOU MAY PROCEED WITH A CONFIDENCE FALTOR OF 


Cpec= .1464 ETA= .7923 
9514 AVAILABLE SHP [5 $59060.0900 (the propeller can not 


demand more than the available SHP) 


THE FOLLOWING GROUP IS FOR Ko2.400 CNOTE ALL MOMENTS HRE 
4009 THE PENDING MOMENT [5S 
AT Xo= .4600 THE TORSIONAL MOMENT IS 


AT Xoz 


x 
480 
475 
.558 
«625 
700 
2775 
.850 
£925 


THE FOLLOWING GROUP IS FOR “oF 
AT Xom .4750 THE BENDING NONENT [35 232 


AT Xoz 


x 
0475 
e 535e 
2625 
788 
00705 
859 
0925 


THE FOLLOWING 
AT Xo 


AT Xo 


x . 


2559 
0625 
780 
0?7?75 
850 
2925 


THE FOLLOWING GROUP 
AT Xo 
AT Xoz 


x 
625 
. 780 
1275 
.85@ 
925 


Mxo 
$9407.6102 
69380.0790 
60654.3779 
61067.3193 
60959.5444 
€0737.7S14 
€0533.30925 
CH255.1747 


IN FT LBS>D 

$0535.5¢67 
24183.8519 

Myo 

13896.6829 

8753.5033 

4373.0844 
692.3375 

wZolke. D212 

-$21S.5832 

-7544.9736 

-95S6€.7543 

.4758 

Ca gees. 


81 
64750 THE TORSIONAL MONENT [5 59049.1160 


Mxo 
195421.6572 
1G6311.7°999 
166631.7135 
19€591.4329 
100323.3192 
WOOISS. DOL? 
105463.5488 


Mxo 
136371.9968 
eoerl.vecst 
136895. 6654 
13E623. 2034 
Mol i. 3s PS 
135016.1224 


6250 THE BENDING MOMENT 15 
6250 THE TORSIONAL MOMENT IS 


Mxo 
S172? . 8247 
151572.2420 
151679. 3039 
131256.570v0 
$36715.8953 


BROUP [2 FOR Ko= 
e290 THE EENDING MOMENT 
oS5900 THE TORSIONAL NONENT IS 


Myo 
16141.3935° 
. 3491.5793 
T99GR 7 oF 
-3943.0232 
SSeit. os 59 
-12343.7920 
~1586%5.3893 
. 3500 
Is 114627. 97004 
74595. 7943 
Myo 
12355.3846 
$013.3152 
=“S071.cco0 
~9159.4928 
“14399. 1404 
-{3927.4059 
IS FOR “vow .62590 
128584.56674 
8O8<3.3875 
Myo 
S(Lls 7 D090 
“115°.4038 
“902.3091 
“137°10.1237 
~18°41.3015 
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THE FOLLOWING GROUP IS FOR Xo .7006 
AT Xo= .7060 THE EENDING MOMENT [5S 136081.38345 
AT Xo= .7000 THE TORSIONAL MOMENT IS ?77733.3941 
x Mxo - Myo 
-70O 151521.1527 2253.56468 
etCoeslol4e¢1.39207 “4474,5349 
-850 151189.1292  -18275.7428 
e9eo 150762.6675 — =1S207 [5737 
THE FOLLOWING GROUP [5 FOR Xo= .7758 
AT Xo= .7750 THE EENDING MOMENT IS 1193135.4017 
AT Xo= .7750 THE TORSIONAL MOMENT IS 55324.3145 


x Mxo Myo 
eo?’ 136026. 2533 Pl. 2 3G 
-680 135963.055 -4933.9951 
0925 135757.5035948 -3625.2366 
THE FOLLOWING GROUP IS FOR Xo= .3506 
AT Xo= .8500 THE SENDING MOMENT IS 26297. 3690 
AT Xo= .38500 THE TORSIONAL MOMENT IS 42595.5431 
a Mxo Myo 
-S50 105596. 3476 $323.1162 
925 165592.4106 130257247 


THE FOLLOWING GROUP IS FOR “o= . 3259 
AT Xo= .9250 THE FENDING MOMENT [5 6101S5.7354 
AT Xo= .9250 THE TOPSIONAL MOMENT IS 12556.3974 
x Mxo Myo 
0925 60586. 9812 14479,3954 
THE FOLLONING GROUP [5 FOR Ko= 1.0006. 
THERE 3S NO GROUP FOR “o=1.8! THIS RUN IS COMPLETE. 
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AP PEND C 


SAMPLE CALCULATIONS 


Calculations have been made at the seventy percent radial 


station (x = 0.7) in both manual and computer modes with the 


following input data: 


LINE 


570 
640 
650 
660 
£720 
740 
790 
880 
890 


900 


Maximum Velocity 80 kts (Design Point) 
Power Available 45,000 SHP 

Ship Resistance L20 O00 los 
Propeller Speed 600 RPM 

Submergence OS 

Wake Fraction O70 


Number of Blades 6 


Density 220th oa ce Water) 
CALCULATIONS 
PARAMETER COMPUTER 
D Dye. 
Va 80 kts 
Ak fZ077000 ibs 
C O02 Fez 
ie 
J 26 
J = Jl I 2788, 
opt 
Dy LOM SOs. Et 
L 0.400 
oe OnE s0 
Cha Oe ou 


80 


MANUAL 

Oe ete 

80 kts 

20 000) 15s 
Oro 

RIL PNS 

Zc 

1025 Om pete 
0.407 

0153 
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